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HISTORY OF THE SURVEY 
By jS?. L. Britto^t 



In the latter part of the year 1913, suheequent to a discussion in tiie 
Council of the Academy relative to proposed extensions of the Acad- 
emy's ordinary activities, a proposition for a scientific survey of Porto 
Eico was approved and referred to a committee consisting of'Professors 
Boas, Britton, Crampton, Kemp and Poor, at the meeting of the Council 
in November of that year, at which meeting the Council appropriated 
$500 amiuaUy for five years for the purposes of this investigation. Dr. 
E. 0. Hovey and Dr. E. W. Tower, Eecording Secretaries of the Acad- 
emy, have acted with the Committee. Professor Charles P. Berkey suc- 
ceeded Professor Kemp as a member of the Committee in 19i;. Jlr. 
Emerson MeMillin, at that time President of the Academy, kindly offered 
to assist the work, and has contributed $3,000. The Porto Rico Govern- 
ment was also interested in the investigation, and has since made two 
appropriations of $5,000 for prosecuting the work. The cooperation of 
The American Museum of Natural History, The New Tork Botanical 
Garden, scientific departments of Columbia University ami other institu- 
tions was secured, and both field-work and the study of the collections 
made has progressed almost continuously. The cooperating institiitions 
already had some collections from Porto Eico. The two agricultural ex- 
periment stations of Porto Rico, one at Mayaguea and one at Rio Piedras, 
have also aided the investigation. A number of preUminary papers deal- 
ing with special phases of the work have been published. The publica- 
tion of the final reports of the survey is herewith commenced and will be 
continued in the following setpience: geology, paleontology, botanv, 
^ioology and anthropology. 

Professor. Crampton proceeded to Porto Rico at the end of 1913 and 
carried out a zoological reconnaissance, traveling over a large part of the 
island, and discussed the plan with officials of the Insular Government. 
He subsequently published an account of Porto Rico.' 

In January, February and March, 1914, Dr. J. A. Shafer prosecuted 
botanical exploration on the island Vieques, one of the small islands 

' Am. Mus. .Tour.. XVI, pp. ,19-70, 
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2 SClhiyriFIC SURVEY OF rOlfTO RICO 

politically a part of Porto Hico, and made the first represei!tiit.i\e i.-ui- 
leetioii of plants obtained on that island.^ 

During Febrnar}' and part of March, 1914, Dr. Britton, accompanied 
by Mrs. Britton, Mr, John F. Cowell and, Dr. Frank B. Lutz, made bo- 
tajiical and entomological collections in the northern and western parts 
of Porto Rico and in the small islands Desecheo and Mona, which yielded 
several thousand specimens and much information. Dr. Britton con- 
tributed to tlie tiventy-fiftb annivoraary ' celebration of the Missouri 
Botanical Garden a paper on The Vegetation of Mona Island.* 

In tlie summer and autumn of 1914, zoological collections were made 
over considerable portions of the island by Messrs. Roy W. Miner in 
marine invertebrates and myriopods, John T. Nichols in fishes, and 
Frank E. Watson and H. G. Barber in insects and arachnoids. Many 
thousand specimens were obtained and important additions were made 
to the knowledge of these groups of animals. The spiders of this col- 
lection, taken with those previously obtained by Professor Orampton and 
Dr. Lutz, yielded important information, which was utilized by Dr. Lntz 
in his List of Greater Antillean Spiders, with Notes on Their Distribu- 
tion.* Nichols has published some of the results of his work under the 
title Fishes New to Porto Rico.'^ 

The geological investigation was commenced by Dr. Charles P. Berkey 
and Dr. Clarence N. Fenner, who spent parts of August and Septem- 
ber, 1914, in a reconnaissance and laid a substantial foundation for sub- 
sequent studies. Professor Berkey has published an illustrated account 
of this reconnaissance under the title Geological Heconnaisaance of Porto 
Rico.^ 

In July and August, 19l4, Dr. J. A. Shafer devoted about six weeks 
to the study of tJie forests of the Sierra de Naguabo, and added a num- 
ber of species of plants to the known flora of Porto Eieo.' 

Under the auspices of the New York Botanical Garden, Professor N. 
■\Villc. Director of the Botanical Garden at Christiania, Norway, spent 
the period from the latter part of December, 1914, until the end of 
March, 1915, in collecting and studying the fresh-water and aerial algsr 
over considerable areas of the island. He obtained niany thouBaod speci- 
mens of these organisms, which proved to be more abundant there than 

' .lour. N. Y. Bot. Gard., XIV, pp. lO-'i-IOg. 

sAnu, Mo, Bot. Card.. II, pp. 33-58, riB. 1, II. iCortrlbulions tiom N. Y. Bnt. f.aid,. 
No. 175.) 

* Ann. N. Y. Acad. Scl.. XXVI. up. 71-H8. 

•> BnH. Am. Mus. Nat. Hlat., XXXIV, pp. 141-146. 

"Ann. N. Y. Acitd. Scl., XXVI, pp. 1-70. (CODtdbiitl.m'; Inm Iiciit. of i;i.ni,>m. r„. 
lumbla UnlT.. Vol. XXV. Xo. I'O.I 

'Jour. ?f. Y. Bot. r.nrd., XVI, pp. :l3-'!r.. 
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KltlTTOX, HISTORY OF THE SURVEY 3 

had liitherto been supposed. This collection has not yet been critically 
studied, but Profes?or AVille is confident that it contains some unde- 
scribed genera and numerous undeBcribed species. Since his return to 
Norway, subsequent to the expedition, Professor Wille has been much 
occupied with administrative duties, but it is hoped that he will yet find 
time to enumerate and describe the elements of this rich collection, the 
first comprehensive one that has been made of these minute algie within 
the American tropics, lie has published a narrative report of his field- 
work.^ 

The greater portions of the months of February and Mai'ch, 1915, were 
spent by Dr. Brittou, Mrs. Britton, Mr, John F. Cowell and Mr. Stew- 
ardson Brown in eontinnJJig botanical exploration, especially in western 
and southwestern portions of Porto Kico, including a study of the coasts 
fmni Mayagiiez soutli to Morrillos de Cabo Rojo and westward to Ponce 
and C'ayo Muei'tos. Large collections were obtained, which added much 
to the iiiiowledge of the geographical distribution of the flora, and a 
series of rock specimens were collected and turned over to the geologists 
of the survey for examination,' 

Based on the observations made on this and preceding trips. Dr. Bi'it- 
ton outlined a plan of forest policy for the Porto Kll.^n (ro^timnent, 
which he presented at the spring meeting of the National Aiidem\ of 
Sciences, held at Wasliiugton in April, 1915, and it was transmitted to 
the Governor of Porto Rico. The reforestation of Porto Eico ii acuteh 
necessary. A recent report on tlie forests of Porto Rico by Mr Louis S 
Murphy, Forest Examiner of the United States Forest Somlit ib ol 
great value in tliis cojmection.^" 

Dr. Chester A. Eeeds and Mr. Prentice B. Hill devoted the months of 
June and July, 1915, to paleontologieal studies and collection^, m the 
western part of tlie island, obtaining over 10,000 specimens rich m fossil 
corals and fossil mollusks. They detected a stratum containing large 
quantities of fossil leaves; this noteworthy discovery, supplemented bv 
further collections subsequently made by Mr. Bela Hubbard, gi\es us the 
first knowledge of the Tertiary flora of the West Indies The collections 
of fossil plants made by Messrs. Eeeds and Hubbard iie being studied 
by Dr. Arthur Hollick. Dr. Eeeds has published three maps He discov 
ered remains of a new fossil Sirenian, which has been deicnbed h\ Dr 
W. D. Matthew." 

' Jouc. N. Y. Dot. Card., XVI, pp. 132-146. 
•Jour. N. Y. Bot. Gard., XVI, po. 103-112. 
"I Bull. U. S, Dcpt. Agrlc, 1016, No, 354, p. 09, 
" -Vim. N. Y, Acad. Scl. XXVII, pp. 23-29, 
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Mr. Edwin T. Hodge spent the summer and early autumn of 1915, 
first, in an investigation of the supposed petroleum oil shales in the west- 
ern part of the island, obtaining samples from 26 different localities, and 
later in the year submitted a report upon them, which gave negative re- 
sults, Mr. Hodge concluding that oil-carrying shales do not exist in Porto 
Rico. Mr. Hodge subsequently made a detailed geological study of the 
Coamo region, and his resulia have been made ready for publication. He 
also made a study of the thermal springs of the island, especially those 
of Banos de Coamo. 

Mr. D. E, Semmes prosecuted geological investigations of the section 
of the north central portion of the island, which, taken with the work 
of Mr. Hodge to the south, furnishes data for a complete geological 
cross-section from coast to coast. The studies of Mr, Semmes are pub- 
lished herewith, 

Mjcological studies and collections were made from June to August, 
1915, by Professor F. L, Stevens, in continuation of similar investiga- 
tions prosecuted by him while Dean of the College of Agi'iculture at 
Mayaguez. He visited nearly all parts of the island and collected many 
thousand specimens; his trip was under the auspices of the University of 
Illinois and of the New York Botanical Garden.'^ Professor Stevens 
described and illustrated the species of the large genus Meliola as repre- 
sented in Porto Eico, under the title The Genus MeltoJa in Porto Rico, 
which includes descriptions of sixty-two new species and varieties.'* 

Professor Crampton continued zoological field-work during January, 
1915, especially in the northwestern portion of the island, at which time 
he supplemented previous collections by obtaining large numbers of 
specimens in the various groups of invertebrates. 

In the spring and early summer of 1915, Dr. Frank E. Lutz and Mr, 
A. J. Mutehler made extensive entomological collections in various parts 
of the island, adding some 15,000 specimens of hisects and large num- 
bers of spiders to collections previously made. Mr. Roy \V. Miner and 
Mr. H. Mueller spent several weeks in the summer in the study and col- 
lection of marine invertebrates, especially in the vicinity of Guanica. 
:'imie 8,0U0 specimens being obtained at that time from this region. 
Professor Raymond C. Osburn carried on studies of the organisms of the 
deeper waters in the vicinity of Guanica during the summer, obtaining 
over 3,000 specimens, principally by dredging. 

Professor Franz Boas prosecuted anthroix>logical and arcliiwilojrical 
investigations at several points during May and June, 1915. aided bv Dr. 
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llltlTTOX, HISTORY OF THh! SVRVF.Y 5 

IJ. K. Haebei'liii, Dr. J. Aiden Mason and Mr. Eobert T. Ailkeu. Pro- 
fessor Boas obtained data which caused him to doubt the general assump- 
tion that children I'eaeh maturity earlier in tropical regions than in the 
temperate zone, and other data which are important as regards the hygi- 
ene of childhood in the tropics. His observations on the teeth of Porto 
Kican children have been published by Mr. Leslie Spier.'* He obtained 
cordial coopei'ation in this investigation from the Department of Public 
Education of the island. He also concluded from his observations at this 
time that the Porto Rican race has been influenced in its development by 
environment. 

Professor Boas referred the collection of folk-lore data to Dr. J. Alden 
Mason, who prosecuted this study from June, 1915, until 1916, and 
accumulated an immense collection of folk tales, riddles, ballads and 
songs, which was subsequently referred for editing to Professor Aurelio 
M. Espinosa, of LelaniJ Stanford University, whose work on this impor- 
tant contribution is now approaching completion, and who has reported 
to the Committee that the documents are the most important contribu- 
tion of its kind made to literature. Professor Espinosa and Dr. Mason 
have published Porto Itico Folk Lore — ^1, Biddies."^ 

Dr. Haeberlin made excavations in the Jobo district, including that of 
one stone enclosure and a cave, which contained ceremonial objects and 
large numbers of bones of an extinct mammal. A large cave in the 
vicinity of Utuado, excavated by Messrs. Mason and Aitken, proved to be 
the burial ground of an ancient community, and here also large numbers 
of hones of an extinct mammal wei'e found.^'' One of these mammals 
proved to be new to science, and has been described by Dr. J. A. Allen 
under the title \i\ Extinct Octodont from the Island of Porto Rico, West 
Indies." Dr. IIael>eriin has published a paper entitled Some Archteo- 
logical Work in Porto Rico.'^ 

An ancient village site at Capa, located by Professor Boas and subse- 
quently investigated by Messrs, Mason and Aitken, proved to be the most 
important of all archaeological localities thus far discovered in Porto 
Rko Efforts i\cre made by the Committee to induce the Porto Rico 
Government to purchase and preserve this site as a national monument, 
hit hitherto without success. A preliminary description of the site has 
been given bj Dr Mason.'* 

"Am. Anthropologist. XX, pp. 3T-48. 

" Jour. Am. Folk-Lore, XXIX, pp. 423-5l)4. 

'= XIX Coogresa of AmerlennlstB, pp. 224-22S. 

" Ann. N. T. Acad. Sol.. XXVII. pp. 17-22, Pis. !-V. 

" Am. Anthcopoloelst, XIX, pp. 214-238. 

'" XIX Cougrpsfl of Americanists, pp. 220-^2:1. 



>y Go Ogle 



i; SCIEXTiPW SURVEY OF PORTO RICO 

Dr. Marsliall A. Howe spent parts of June ami July, IDl.l, in cnii-. 
tiiiuatiou oE his previous studies of marine ajgaa, principally along the 
southwestern coast from Poriee and Cayo MueJ^tos to Cabo Bo]o. Eturing 
this trip he obtained about 3,000 specimens, including some species addi- 
tional to the known flora of the island.'" 

Professor Bruce Fink, of Miami University, proceeded to Porto Rico 
in November, 1915, and spent part of the winter there in making exten- 
sive collections of fungi and lichens. He has generously contributed 
information obtained by him to the Committee. 

Dr. Herbert J. Spinden prosecuted arehaiologieal work at several points 
during the spring and summer of 1916 and made extensive collections, 
the study of which yielded interesting and valuable information. He 
excavated certain shell heaps and obtained specimens and information 
therefrom, which he regarded as throwing light upon t!ie origin of Porto 
Hican aborigines. He also studied the aboriginal petroglyphs or rock- 
carvings. 

Mr. Bela Hubbard carried out a geological suney of the northwestern 
section of the island in the summer of 191(i, and his description of this 
work is in process of completion for publication. Dr. Charles R. Fettke 
studied the southwestern districts of the island in an areal geological 
survey, whicii included a detailed study of the extensive areas of eruptive 
rocks. The study of the large collections made by him is progressing. 

Mr. A. K. Lobeck studied, during the latter part of 1916 and January, 
1917, the physiography ol' the entire island, and the results of this inves- 
tigation are prepared for publication. 

During tlie summer of 1916, a very important studyof the parasitic 
fungi of Porto Rico was made by Professor H. H. Whetzel, of Cornell 
University, and Dr. B. W. Olive, of the Brooklyn Botanic Garden, aided 
by a grant from the New York Botanical Garden, and several thousand 
specimens of these plants were obtainetf, which are under investigation 
by a number of different experts. 

Mr. H. E. Anthony prosecuted studies of recent and fossil mammals 
in Porto Rico during the summer of 1916, and made some highly inter- 
esting and important discoveries, which have been described by him in 
three illustrated papers : 

Preliminary Report of Fossil Mammals from Porto Rico.=' 
Preliminaiy Diagnosis of an Apparently New Family of Insect ivores.^^ 

"Jour. N. Y. Bot. Oard.. XVI. pp. 2H)-225. 
a Ann. N. Y, Acad. Sci., XXVII. pp. 19S-203. 
■^Biill. Am. Mus, Nat. Hl"t.. XXXV. pp. 72.1-T28. 
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Xew Fossil llodente from Porto Rico, with Additional Notes on Elas- 
modoniomys obliquvs Anthony and Reteropsomys insulans Anthony.-^ 

Durinj^ the progress of the survey, Dr. John A. Stevenson, of the 
Insnlar Experiment Station at Eio Piedras, has made botanical collec- 
tions in various parts of the island, which have contributed much to our 
knowledge of the flora ; he is now preparing a list of the fungi of Porto 
Bico. Dr. Basil Hicks Duteher, TI. S. A., stationed at San Juan, has 
given valuable aid to nearly all our field parties by advice, information 
and personal assistance. 

A number of reports of progress and other presentations of parts of 
the work have been made at meetings of the Academy from time to time. 
.\n outline of the proposed survey was presented by members of the Com- 
mittee in the form of a symposium at the meeting of April 13, 191-=l-.=* 
Another symposium was given at the meeting of December 14, 1!)14.^' 
At the meeting of the Section of Geology and Mineralogy on November 1, 
1915, preliminary reports on field-work were given by Messrs. Serames, 
Hodge and Eeeds.^* At the meeting of the Section of Biology Novem- 
ber 8, 1915, communications were presented by Messrs. Eeeds, J. A. Allen 
and Matthew.^' The Committee submitted a report of progress at the 
annual meeting of December 30, 1915.^"* 

At the meeting of the Academy held January 34, 1916, Dr. Boas, Mr. 
Aitken and Dr. Haeberlin^" presented communications on ethnologj- and 
archaeology, and at the meeting of May 15, 1916, geological communica- 
tions were presented by Messrs. Ilodge, Semmes, Reeds, Fettke, Hub- 
bard,'" Lobeck and Professor Berkey.^' 

During several months of 1917, Mr. Graham J. Mitchell prosecuted 
ail areal geological survey of the southwestern portion of Porto Rico, and 
his report of this work is in progress of preparation for publication. Dr. 
Charles R, Fettke has recently published, with the approval of the Com- 
mittee, a paper entitled The Limonite Deposits of Mayaguez Mesa, Porto 
Rico.'^ 

Tlie final geological reports are being written, for the most part, by the 



■■Biin Am Mua Nftt Hlat XX 

' Ann N T Acad 'id XXIV. pp. S69. 

Ann N i lead Scl XXIV, pp. 368, 390, 

™Ann N Y Acad Sci XXVI, pp. 433-436. 

■^ ^nn N T Acad Scl XXVI, pp. 436-489. 

''Ann N T lead Sci XXVI, pp. 456-462, 

-" Ann N T Acad ScL XXVII, pp. 280. £61. 

™Bun 4in Inst MIdIdk Engineers. No. 135. 

" \iiii N T Acad '*cl XXVII, pp, 277-282. 

-Biill Am Inst Mining rnglneers. No, ISB, p 
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sev eral geologists who have participated in tlie field-work, and, as already 
stated, considerable portions of them are ready for publication. Dr. 
T. \V. Vaughan, of the United States Geological Survey, has kindly con- 
sented to study the collections and prepare the descriptions of the fossil 
corals, aiid tho.se obtained up to the present time have already been sent 
to him. 

The final botanical rejMtrts are being prepared by the following investi- 
gators : 

Flowering Plants. — Dr. N. L. Britton and Mr. Percy Wilson, the 
grasses by Professor A. S. Hitchcock. 

Ferns and Fern /liJies.^rreliniinary work hy Miss Margaret Sloaaon. 

Mosses. — Mrs. N. L. Britton and Mr. E. S. Williams. 

Hepatics. — Professor A. W. Evans. 

iicftews.— Professor Lincoln W. Riddle. 

Fungi.— Dr. W. A. Murrill, Dr. F. .T. Seaver, Professor .1. C. Arthur, 
Professor F. L. Stevens, Professor H. H. Whetwl. Dr. E. W. Olive, Dr. 
John A. Stevenson. 

AlgfE {marine). ~Dt. Marshall A. Howe. 

A.lg(E {fresh-tvaier and aerial). — Professor K. Wiile. 

!N'o arrangement has yet been made for the study of Porto Eicaii 
diatoms. 

The zoological collections are being studied sind final reports prepared 
as follows : 

Mammals. — Mr. H. E. Anthony,"^ 

Birds. — Mr. Alex. Wetmore has published an exhaustive reiiort on the 
birds which may be taken as a basis for our document.^' 
Reptiles. — Preliminary work by Mies M. C. Dickerso]]. 
-4 mp A tdtans.— Preliminary work by Miss M, C. Dickerson. 
Fishes. — Mr. J. T. Nichols and Professor C. P. Silvester. 
Insects: 

Orthoptera. — Mr. J, A. G. Rehn and Mr. Morgan Hebbard. 

Coleoptera. — Mr. C. W. Leng and Mr. A. J. Mutehler. 

Hemiptera.™Mr. H. G. Barber. 

Lepidopfera.— Mr. P. E. Watson. 

Hymenoptera. — -Mr. J. Bequaert and Dr. P. E. Lutz. 
Myriopods. — Mr. Roy W. Miner. 
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.¥o/i'n.5'^'.>-.— Preliminary work by Dr. L. P. Gratacai). 

Ascidians. — Dr. Willard Van Name. 

Crustaceans. — Mr. Roy \V. Miner and Dr. Willanl Tan Name. 

Annelides. — Professor A. E. Treadwell. 

iJc/i J Horferms.— Preliminary work by Mr. D. M. Fisk. 

Bniozoans. — Dr. R. C. Osburn. 

Coehiileraies.—iiT. Eoy IV. Miner. 

Representative collections of Porto Rieaii protozoans have imt yet been 
made. 

The aiitliropoSogieal and archaeological documents are being written 
l)y the several invcsH'rators who have conducted the field-work, Pre- 
liminary papers, ill addition to those already noted in this report, are 
being prepared by Professor Boas on anthropometrical observations in 
I'orto Rico, by Dr. Mason on the archffiological investigation of the very 
important site at Capa, by Dr. Aitken on the cave sites near TJtuado, and 
liy Dr. Mason and Professor Espinosa on Porto Rican folk tales. 

As to the general progress of the survey, it may be stated that over 
two-thirds of the necessary geological field-work has been completed. 
E.xcept for an investigation of the diatoms, which has not yet been ar- 
ranged for, no additional botanical field-work is really essential, although 
the final reiwrts wonJd be more complete if additional collections were 
made, but this is of course true all over the world. Considerable addi- 
tiujial zoological field-work and additional collections in several of the 
frroups of animals are highly desirable, and, as before remarked, the pro- 
ioKoa have not been collected. Anthropology and arehieology still offer 
widely attractive fields for further examination. No oci'anographic wi>rk 
lias as yet been possible. 

In cooperation with the Insular GovernmcJit, portions of the collec- 
tions made have been returned to Porto Rico to form the basis of a Nat- 
ural History Museum, and other portions will be forwarded to Porto Rico 
as the study proceeds. The I'emaindcr is to be divided among the cooper- 
ating institutions and investigators. 

The islands St. Thomas, St. Jan and St. Croix, recently purchased by 
the United States from Denmark, lie close to Porto Rico, to the east and 
southeast. It is highly desirable, before our survey is brought to a close, 
that tliese should be studied geologically, zoologically and archseologically. 
Their botany is fairly well known. I have recently contributed a cata- 
logue of their known flora to the Brooklyn Botanic Garden, and this has 
been published in the volume of papers presented on the occasion of the 
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opening of the new laboratories of that institution.^' The survey will 
tlms be made to include all the Caribbean insular possessiona of the 
United States as they stand at present, and be entitled A Scientific Sur- 
vey of Porto Eieo and the Virgin Islands. 

The Chairman of the Committee gratefully acknowledges aid from the 
other members in the preparation of this historical sketch of the survey. 
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IKTEODUCTOEY STATEMENT 

The Island of Porto Rico lies between latitude 170° 54' and 18° 30' 
north and longitude 65° 13' and 67° 15' west. It is the most eastern and 
southern of the Greater Antilles. Thus it lies within the trade-wind belt, 
which is an important factor in the local variations of its tropical climate. 

In the Atlantic immediately north of Porto Rico lies Brownson Deep, 
which reaches the profound depth of 24,000 feet, and in the Caribbean 
farther to the soutli liea Tannei Deep, reaching 15 000 feet. Although 
its loftiest mountamt, do not exceed 4000 feet cle\atinn above the sea 
level the whole island app. ais to he just a portion or segment of a great 
mountainous ma^s or cham that riae* trora a submerged platform above 
which its true relief might well be measured A rplief difference of 
28,000 feet such as is given from the bottom of Brownson Deep to the 

(11) 
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t.o[> of !■ 1 \ uj] juc IS nut eiceedtd lu main places tlip world over withiJ! 
such luiileiate Llistam.e=! but it must not in a*.sumel that this is the 
elevation a! oie the ■fubmanne platform 

Porto Kico may thus he riganled to some advantage iai the present 
conaideration as a badh er( ded upperm st portion of a great mountaui 
mass which probably at one time f rmed a part of i chain with general 
east-wef.t trend, most of which is now submerged Certain veiy elevated 
segments of this chain still stand abo\e aea le-\el and form the islands of 
the Greatei Vntillea A^hether oi not the structural relations of these 
exposed segments are of fault block i\\>c an! what relation such an island 
as Porto Bieo ma\ have to a torraei continental mass extending toward 
and posiibh connictmg Noith and South \menca however interesting 
or suggeotus, thej ma> bt ir questions that might be better discussed in 
the summary at the conclusion cf this survej rather than in this pre- 
liminary statmient *^ueh (|uesti ns are involved m the final solution of 
tlie geologic historj of the iJand on which a whole projected series of 
flistrict and special studies haie a bearing 

Porto Eico IS verj mountamou 4 central coidillera extends nearly 
east and vrcst startmg abrupth at the sea near Eincon on the west coast 
and continuing to FI ^ unque the great miuntatn summit which forms 
tlie central feature of the eastern end of the island It is not by any 
means &i simple hiweier as this statement woull suggest, for there are 
branches of the mam lange both east and west hut especially to the east, 
where the Sierra de LuquiUo culminating in El "i unque, and the Sierra 
de Cayaj 10 miles lirther south form ver\ distinct features- At either 
end of the island the chief mountain relief is centrally located, but 
throughout the whole of the mitdle portion and for two-thirds of the 
total length of the island including the Sieiri de Cayay, and thence 
westward for 00 miles the cliief mountain range lies only about 10 miles 
from the south coast Vlmost tuo thirls of the total area, therefore, 
belongs to the northerl} slopes of the chief mountain range. 

Although the topography on the whole is \eri rugged and the island 
has a decide llv ramntamous aspect there is almost everywhere a very 
moderate leliet along the roast and at many places the coastal lands are 
almost flat These \prv flat areas he alwais at the months of rivers and 
undoubtedly have been made m laige part b\ deposition of the silts of 
the stream* Such alluvial tracts are called playas m Porto Rico. 

All relief forms except these playas aie of erosional origin. Exceed- 
ingly steep si pes ire the rule suggi sting cailv matuntv in physiographic 
history. This phase of the geol>gic hi'itor) r f Porto Eico has been made 
the subject oi a special studv b^ Mr 4rmin K T oheek and will soon be 
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published in this series. One of the most surprising things is the way tiie 
soils eliug to these steep hillsides, and it is possible to repeatedly see slopes 
under cultivation that measure from 30 to 40 degrees. 

Numerous small islands he along the coast. Two of comparatively 
large size, Vieques and Culebra, which are respectively 20 and 7 miles in 
length, mark the continuation of the Porto Eican land mass toward the 
east. All are included as a part ol' the studies of Porto Rico. 

Streams are numerous and surprisingly large. Mr. H. M. Wilson 
(1899, 1900) has published an excellent account of the hydrology of the 
island, and to this reference should be made for details of this nature. 
He credits this small island with 39 large and 1300 small streams. 

Rainfall is very unevenly distributed. At the east end, near El Yunque, 
there is an annual rainfall of 133 inches. On the other hand, at Cabo 
Eojo, at the extreme southwest comer, there is seldom any rain at alt. 
Because of the high mountain ranges, there is an abrindance of rain on 
the windward side, which includes the east end and most of the north 
side of the island, and since the principal range stands far south of the 
middle, the larger portion of the island is fairly well watered. A com- 
paratively narrow strip along the south side, especially to the west from 
Guayama, and again a strip at the northwest comer, are comparatively 
arid. Extensive irrigation works have been constructed along the south 
side. 

In most districts the bed rock is compact enough to discourage under- 
ground circulation and the run-off is correspondingly responsive to rain- 
fall. But in the northwest corner of the island, on a broad limestone bolt 
reaching from AgnadiUa to Camny, and less prominently even farther 
eastward, there are many eaves and sinks, and a most remarkable minor 
topography,' where underground water circulation is locally of much 
importance. In some cases large streams rising on otlier ground farther 
inland are completely lost here for long distances, following subterranean 
channels in these limestones. 

There are no inland lakes and but few coastal lakes. .Ml of these 
ap|>ear to be related either to playa development or to cumpoiativcly 
recent elevation and suhsideTice. One near Guanica still retains internal 
evidences of its former marine relations. 

The climate is strictly tropical, but it is so tempered by reason of the 
trade-wind breezes and by the mountainous as[iect and elevation of much 
of the country that it is usually very agreeable indeed, The entire lack 
of great changes of temperature nn<l the prevailingly moist conditions 
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(iver nuiftt of the island liavu a direct influence on tlie cliaracter of rock 
decay and disintegration and also on tlie quality of the soil. 

The average daily temperature is 80 degrees, and it rarely rises above 
!)0 or di-ops below 70, while the maximum is said to be 90 degrees. 

In firea Porto Rico covers ^,670 square miles, and is therefore about 
three-fonrths the size of the State of Connecticut. It is roughly rectan- 
;j:«lnr in outline, with the longer a5:is cast and west, and in actual dimen- 
sions is approxiniately 35 miles in average width and 105 miles long. 

It is the fourth in size of the West India Islands. Porto Rico is very 
productive and is said to be the most densely popn1at*'d country in the 
uorM. 

OEOLOGIOAL RBCONNAISSAN'CE 

The J.tland of Porto Rico has never had a systematic survey, and com- 
paratively few articles have been written on its geology. A few papers, 
howe\oi\ have described certain special features and general physical con- 
ditions in a very instructive way. The writings of E. T. Hill (1898, 
18!)!)), especially, contain a comprehensive outline of the geologic history 
of the Island of Porto Bieo, and those of II. M. Wilson (1899, ]!)00) and 
W. Dinwiddle (1899) give as good general description of its physical 
features as is anywhere to be found. 

In the summer of 1914 the writer, in conipa]iy with Dr. Clareiicc N. 
Feniter of the Geophysical Laboratorv', Washington, made a geological 
reconnaissance of the island, with the object of determining the chief 
lines of its geologic historj' and outlining the major problems to receive 
further study. This recoiniaissance was undertaken as a part of the 
Natural History Survey planned by the New York Academy of Sciences 
and was intended to lay the foundations of a complete geological survey 
which it was expected would become the work of several subsequent 
ex|Teilitions and might extend over 4 or 5 years. Observations made at 
that time, together with additional studies of material secured on this 
iirst expedition, served as the basis of a report entitled Geological Recon- 
naissance of Porto Rico (Berkey, 1915), which was published the fol- 
lowing year, and has been the guide for several special expeditions and 
district studies since that time. This paper still constitutes the fullest 
statement of the structure and origin and geological history of the whole 
island ; but it has now been supplemented by several district studies which 
have been made in much greater local detail, and also by a special investi- 
gation of tlie physiography of the island ; all of which, with yet others to 
be made, form a part of the plan for this Survey.^ Seven such districts 

■ A dplullpd list of these topics and studies Is given at tlie end of tbi!; article. 
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iiiid ureal studies and four geiwral iiiM'Stigations were origiually pkiiiied. 
Five ol' the district or area! studies liavo been made auil one general 
investigation Jiaa been completed. 

UAJOII GKOLOGIC FEATUliES ' 

J>eti.'rmii)atioii ol' the principal rock types and larger structural units, 
together with their i-elations and the principal problems deserving fur- 
ther investigation, may be considered the chief work of a general geologic 
reconnaissance.- To this task the energies of the first espeditiou was 
ilirected with sufficient succe^, as it now appears with ]-espect to its 
major lines, to stand the test of the more detailed subsequent work. A 
lirief outline of the more inijiortant geologic features charach^rizing the 
wbnlfi island I'olhm-s. 

lldCIv J''oil.\IATI(IXS 

Jl a in e\ee 1 n^l linfenumba ot formational rock units in this 

11 1 J, lery ^reat i nml ei ilso of r ck tj-pes or yarietiee, and t!ie 

lull as a conseciuei <• is so great at first sight, that it all appears a 

I pele')-. muddk Ihis i, osiKciallT true of the interior of the Island 

ithei than the coastal inaig i s In the higher interior regions igneous 

is iiid elastics leri\ed more or Icus directly from igneous action such 

tuffh and ashes prtiail although formations of simpler sedimentary 

( it( Jiid) hibit lie \crj abundant anl sedimentation structures are 

it kast as prrmment is aic the massne structures of the tnie igneous 

loU 

VI n^ the coastal mar^ii ii the Jthei hand, especially along the north 
const ivest of San Juan and along the south coast west of Juana Diasi, the 
ruck fonnatioiis are much simpler in aspect- Soon one comes to realize, 
tbcrefore, that two distinct formational series are represented and, judg- 
ing from the very marked differences in habit, one would expect them to 
lie scjjai'ated by a more or less profound break or uneonformity. 

To this extent at least the first suggestion in an attempt to organixo 
the complex structure of the island is correct. There are undoubtedly 
two very distinct foiinatioual series which, on more extended inspection. 
]irove to be readily distinguished and separated. The one referred to as 
characterizing the interior is much the more complex in make-up and 
structure and most of its members have been extensively deformed and 
modified since their deposition. The simpler series is made up of a suc- 
oession of sedimentary and organic accumulations, including shales, 
marls, chalks and limestones, little disturbed. As should be expected. 
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there is a very distinct UQConformity between these two major series 
j'opreseiited by au erosion plane which bevels the upturned members of 
the older complex and seems to have all of the earmarks of a peneplain. 
The complesity of the older of these two series sng-gests agaui the possi- 
bility of a sabdivision of it, bat all studies so far have failed to show a 
major line of separation. The fornaational groupings are therefore in 
approximately the order suggested in their original reconnaissance, essen- 
tially ns follows: 

THfi YOUNQKR SERIKS 

This includes sliale and limestone beds, rt^f limestones and occasional 
sandstone and pebble accumulations. These are readily recognised as 
belonging to the Tertiary period, but tlie greater detail of age relation is 
a matter necessarily left for the more elaborate studies of those districts 
where these formations are prominent or to the results of general strati- 
graphic and paloontologie study. 

The Younger Series as used in these studies includes at least two vei-y 
readdy differentiated bat very unevenly developed members which were 
referred to in the reconnaissance under names taken from their most 
typical occurrence. 

{a) The San Juan Formation is the most recent conaohdated repre- 
sentative in the island. It is confined to the immediate coast margins, 
especially tlie north coast, and the adjacent small islands, the most strik- 
ing occurrence forming the promontory on which the city of San Juan 
is built. 

(6) The Arecibo Formation is a thick series of limestones, marls and 
shales. This is a mueli more extensive and geologically important mem- 
ber than the San Juan, Subdivision is doubtless possible with further 
study, and it has been convenient from the very first to distinguish cer- 
tain particular faeies or the beds of particular localities by special locality 
names ; but these do not necessarily represent subdivisions of wide appli- 
cability. They ha\e been, however, of distinct usefulness in all stndie? 
thus far made. The most commonly used are the following : 

1, The Aredho limestone 

upper limestone member on the nortli side of the island. 
3. The San Sehastian sliales 

lower, shale member on the north side of the island. 

3. The Juana Diaz marls 

. south side shales and marls near Jiiaiia lYiny.. 

4. Tlic Ponce Chalh hedi^ 

vcrv wliite chalkji ni'tir Poiico on wintli etdc of the island. 



>y Google 



liEHKKY, I^TRODVVTIOX TO TBE ilEOUMY ]7 

Thi' gri^atur part of all these beds are satisfactorily detenniiieil U> lie of 
Oligoceiie age, but the latest stuiliee indicate the prcsein'e oT re|iref^eiita- 
ti\'e8 of both Eocene and Mioet'iie age as well. 

TIFK OIJMJU SKKIEB 

This includes a complex association of tuffs, ashes, shale, eonglonierate, 
limestones and a very great variety of intrusives and occasionat lava tloivs. 
These are readily seen to be enough older than the other series to have 
suffered much additional modification of petrographic cliaracter and 
deformation, and it is comparatively simple also to determine that fhe 
members of the series as far as they bear fossil evidence seem to be con- 
fined to late Mesozoie age, perhaps wholly to the Cretaceous period. 

The Older Series thus far has failed to show even as distinct lines of 
subdi\]sio]j as the Younger. Perhaps there are breaks as great as that 
bettteen the San Juan and tlie Arecibo formations of the Younger Se- 
ries, but the structures are much more obscure, by reason of deformation 
and other changes, and are less fully exposed. There is a suggestion of 
a possible structural break marked by one belt of limestones found by 
Dr. Semmcfi m the San .Tnan district (see San Juan District geologic 
map) and perhaps in the I-a Mnda Limestone of tlie original reeoniiais- 
sanoe aceoimt, but no other supporting evidence is yet at hand, e\'en after 
a study of more than half of the island in detail. 

The Older Series is apparently a fairly continuous accumidation «i no 
greater cmmplexity and structural difficulty than should be expei'ted IVi.iii 
a long and almost continuous volcanic history. 

Although still regarded as a single series of formations, it has lii-eii 
f(mnd very convenient in this case also to designatu certain well marked 
units by locality names. No assumption is made as to their extent or the 
possibility deserving recognition in attempts at correlation. Tlie Ttecoii- 
iiaissance expedition made free use of such terms to much advantage in 
tlie field, and later still others have been used by the investigators of 
special districts. As a matter of fact, the great difficulty found in the 
licginning in following any single field unit very far or identifying it at 
other places made the use of many locality and arbitrary names particu- 
larly serviceable at that time. Subsequent studies have not successfully 
eliminated them, and it may well he that the accumulating proof of tlie 
great variability of all these formations as well as other units will compel 
the retention of such local names. .Among the terms that belong to the 
reconnaissance stage and that bid fair to he retained are the following: 



>y Google 



]S 8GII-!\TIFIC SURVflY OF PORTO ItlGO 

1. The Fajardo shales, a very widespread type of blocky shale. 

2. Tlie JVIayaguez shales, eimilar to Fajai'do shales in general struc- 

tural iiabit. 

3. The Coamo Tnff-Lmiestoiie, a Jieavy limestone carrying abundant 

tufE fragments. 

4. The Tnijillo Alta Iiimestone. a very limited occurrence of donse 

limestone. 

5. The "Shred" Limestone, a name suggested by the appearance of the 

chief fossil form. 

6. The La Muda Limestone, a formation that seems to mark a break 

of more than average consequence. 
T. The Mountain liimeetone, of Hill — thin-beddedj shaly limestones 

and limy shales of very extensive development along some of the 

nuiiintain ridges. 
.^. Tlie Corozal Tjmestonc, a peculiar local occurrence of limestone 

breccia at Corozal. 

PRTROGRArH 1 KAVCI- 

The petrographic lariety of this older series is very great, but tlus types 
of large eousequeuce are not numerous. They may nearly all be included 
W'itliin such group terms m limestone, marls, shales, sandstones, conglom- 
erates, tuifs, ashy tuffs, ashes, and ash shales among the organic sedimen- 
taiT, and clastic rocks; andesites, andesitic porphyries, diorite, syenite 
ai\d granite as the chief crystalline igneorrs rocks; and serpentines and 
graywackes and rarely some contact products as the chief i>atlly modified 
tyiws. 

Although the raTige of different types when stated in this form is not 
at all remarkable, there is almost every conceivable variation of minor 
composition, quality, structural or textural peculiarity, physical condi- 
tion, degree of modification and state of preservation i 
each one. 

Most of them, furtliermore, occur in an almost countless s 
beds and sills or other field units of all sizes from masses of many square 
miles in areal extent or hundreds of feet in thickness to thin layers or 
stringei-a or dikes of only a few inches. As a matter of fact, the most 
striking thing about these occurrences is the exceedingly great number 
of small units which alternate or change so many times in short distances 
that detailed mapping of them, or even an attempt to represent this detail 
by the most carefully constructed geologic cross-sections, seems hopeless. 
All practicable representations of the geologic structure s 
gencrali/ations. 
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^[a|» 111' iiiiy kind cnveriiig portions of districts must be done im the 
liasis of a grouping together of great unmbers of individual units in rec- 
ognition of the domination of some particular type. Thus it seems to be 
possible to mark out belts or areas of dominant limestones, shales, tuffs 
or conglomerates, some of which are fairly satisfactory as a basis for a 
geological map. But even in some of these eases the smaller individual 
constituent units vary so rapidly along their strike that the average 
quality is wholly different within distances of & few miles. This char- 
acter makes detailed geologic mapping a difficult and most discouraging 
undertaking. 

The Younger Series, on the other hand, is verj- much simpler, since no 
igneous rocks are represented at all. But even here, within the limits set 
by the shales and sands of one extreme and the marls, chalks, reefs and 
massive limestones at the other, there is every gradation, the character 
being evidently under the control of such local conditions, and so poorly 
mariied off in succession by fundamental differences, timt here again a 
subdivision for mapping purposes is extremely difficult to apply. A 
strictly paleontoiogic subdivision, however, is being more successfully 
ap]tlied as the investigation of certain districts proceeds. 



The general geologic structure of the Younger Series of formations is 
simple. The beds lie, for the most part, dipping gently toward the sea. 
This is especially tnie of the broad belt of these rocks forming the north 
side of the island. On the south aide there is some deformation, chiefly 
due to faulting and crowding. In many places also there is slumping 
due to sink-hole development 

The Older Series has, on the contrary, a very complex structure. Only 
rarely do the bedded rocks have their original attitude. They commonly 
stand much tilted and even vertical, or in rare cases overturned, and 
faulting is common. But the most prominent structural feature is the 
association literally of multitudes of thin-bedded ashy or limy shales and 
equally thin igneous intrusive sheets or sills. It is not at all rare to see 
an alternating series of such units, a few inches or a few feet thick, so 
regular that when well weathered the whole succession looks simply like 
a series of alternating shaly and more massive beds. The number and 
complexity of the igneous intrusions are surpr^ingly great and at many 
places the intrusive members dominate in the formation. In m<^t cases 
there are no noticeable contact effects. 

Much larger intrusive sills, which are almost always dioritic in com- 
position, are also very common and there are a few large bosses several 
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BUJiKEY. jyTROUVCTION TO THE liHOLOGY 2d 

thus developing the usual inner lowland and cuesta forms with traces of 
tlie old peneplain well preserved on the adjacent ground on the inner 
side. A full treatment of these features is included in a physiographic 
study of the island which has already been made by Mr. Armin K. Loheck, 
and whose report will soon be published as a part of this Survey. 

On the cuesta and the outer slopes, wherever limestones are the surface 
rock, great numbers of caves have developed. A most striking surface 
feature is thus produced with sink-holes as the first distinct stage which, 
by enlargement develop fiats separated one from the other by remnants 
of the old walls. In some districts these last remnants form gi-eat num- 
bers of small conical hills, referred to by TTill as the pepino hills and by 
Berkey as haystack hills. This is the most unusual and remarkable of 
the surface features of the island. 

Immediately along the coast one may find occasional traces of a step- 
like form which has attracted much attention. They were taken at once 
to be sea terraces, and subsequent studies seem to confirm that conclusion. 
Such forms, therefore, indicate that the island has been elevated in com- 
paratively recent time. Other related features, among them the occur- 
rence of marginal islands, suggest that at one time the island may have 
stood even higher than now. Probably there has been a succession of 
elevations and subsidences in later as well as in the earlier geologic 
history of the island. 

Geologic Histoet 

In barest outline the geologic history of Porto Rico is simple. A com- 
plete or even a reasonably full account of the geologic history' of Porto 
Rico cannot be written at this step of the investigation. 

There is no record of very ancient rocks at all. But in Cretaceous time, 
or perhaps immediately before, this region was the scene of violent and 
long-continued explosive volcanic activity which resulted through many 
vicissitudes in the accumulation of thousands of feet of volcanic clastic 
matters, partly in massive unassorted condition, partly worn, transported 
and assorted, partly mixed with weathered detrital matters and organic 
growths, all together forming a great succession of tuffs, ashes, shales and 
limy rocks. 

The summary of the major historical items formulated in the original 
Eeconnaissance report is still serviceable: 

(1) A long geologic period of volcanic activity, accompanied by mar- 
ginal attempts at assorting of fragmental and detrital material and 
organic accumulation disturbed from time to time by renewed or extended 
igneous activity. 
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(3) A dyiiifi out of \ol<^atiic energy, greater stability of tlie mass with 
ri?spt!ct to elevation ami eubsideoce, and erosional attack continued long 
enough to result in extended planation and partial haselevtling witli final 
extensive eubmergenee. 

{;}) The development of an iinconfonnal)le o\'erlying sei'ies of shales, 
reef limestones and relateil deposits chiefly of organic origin, hvonght to 
an end by final re -emergence, 

(4) The development of present surface features under stream erosion 
and marine marginal attack, with modifications arising from oecilLition 
of level. 

ntOBLEMS OF TITB .SFRVEY 

T]u> problems that were auggCRted in the Eeeonnaissancc report have 
engaged the endca\or.s of several expeditions. Altogether seven have been 
made and four studies have been completefl. Others are yet to be made. 
The whole plan with its accomplishments may Ire listed ns follows: 

Exr[;rnT]o>s 

{") Expedition of 1914 to make a reconnaissance. 

1. r»r. Gliai-les P. Berbey and Dr. Clarence N. Feinicr. Reeiniuai>:- 

sance r^iort (Berkey, 1915). 

(I>) Expeditious of 1915. 

2. Dr. Chester A. Keeds. Stody of Tertlarj- stratigraphy, aiid esi*- 

cially an attempt to estnbUsh the subdivisions of the Yomiper 
Series and make paleontolo)Eic collections. New liiisc map pre- 
pni-eil (pul)ll!ihed with this paper). 

3. Mr, DowRlas R, Hemmes. Stuily of the Sun -Jiiau Disttiet ( SeiLiuies. 

IStOt. 

4. Mr. Edwin T. Hod^e. The Coamo-tinavinini DUlrlrt.' 

(r) Expeditions of liUfi. 

5. Mr. BelB Hubbard. The Aguu dill a -Lares District.^ 

6. Dr. Charles B. Fettke. The Humacao District.* 

7. Mr. Arniln K. Txiheek. A general study of the ph)shi<;i';i]ihk! his- 

tory of the Island.' 

(fl) Expedition of 1917. 

8. Mr. Graham John Mitchell. The Ponce District.' 
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Tlic wlinlo list of studies of all kinrls ftill into three classi.'F : 

(ii) (ieiicral studies, covering certain features afEeetiiifr the whole 

isiaiui. 

(/() Aroa! or distriot studies, with accompanying geological maps. 
(r') S|>i'i-iiil iiivostigationB on problem.'! suggested bv local conditions 
in- tlio niiitcrial collected. 

C.KNEliAL .STnin^li 

Among the general questions which have l)euri considered to l)elong to 
the island as a whole are the following : 

Nev? Base Map. — The making of an accurate detailed map, such as 
might be represented by topographic sheets of the kind prepared by the 
U. ft. Geological Survey, is an undertaking much beyond tlie scope and 
facilities of tliis Survey. Each investigator of a district has undertaken 
the correction of the maps available for his own area in enough detail for 
the purpose. These districts, however, are not complete to such a point 
tliat a general relief map for the island could yet be constructed from 
tliem. As a step, tlierefore, preliminary to that result, the data of all 
previously published maps, together with such notes as were available 
from field oliservsition, have been compiled, under the direction of Dr. 
rhester A. Itccils, in the form of a new relief map which is published 
herewith. 

Fhysiographi/ of Porto Rico.— Alter the reconnaissance and first dis- 
trict studies were made, it became apparent that a general physiographic 
study covering the whole island would be particularly desirable. The 
opportunity to make a complete study of an isolated land mass, with a 
physiographic history probably similar to most of the West Indian 
islands, seemed to be particularly good. Mr. Armin K. Txibeck under- 
took this study and his work is complete<l. 

Tertiar;/ Stratigraphy. — -This general problem, which was considered 
too broad for a district study, was recognized as a difficult investigation 
that deserved to be considered by itself. Dr. Chester A. Reeds entered 
upo]i the investigation by making a collecting expedition in the season 
of 191. 5. It was the intention to include in this study a determination of 
the principal subdivisions and boundaries of tiie Tertiary strata for the 
whole island, and it was hoped that this could be done on simple enough 
lines and promptly enough to be of service to all of the men doing district 



>y Google 



2(i SCIENTIFIC SVK\-l-:y OF rOETO BWO 

mapping and making local etiidies. The problem has hem found espe- 
eiallj difficult and final results are not yet reached. In the meantime 
the practical matter of mapping has been solved in each distj'ict as well 
as may be, and probably no full statement of the Tertiary stratif,rraphy 
will now be attempted till all of these separate studies are available. 

Mineral ^csoiirces.— Considerable money has been spent in Porto Eico 
in mineral exploration. It is said that gold was secured in paying quan- 
tities by the Spaniards in the early days. One can see gold panning in a 
few places now. Many ores of other metals are also formed as well af 
other economic products. Almost n(me, however, have proven attractive 
as the basis of an industry, although much interest is attached to such 
possibilities. Mineral resources of sufficient value to establish these in- 
<lustries are much to be desired, and it is one of the purposes of this 
Survey to make a final summary of all matters relating to this question 
in a general Btu<iy after nil of the districts have becTi fully investigated 
and reported. 

DISTIilCT HTt'nit':.'-, IVITH OUTLINK MAP 

The basis of all detailed imestigations is the distiict or areal study. 
It has been found possible to divide the island into areas, each of such 
size that it eouH be studied in sufficient detail for the purpose in a single 
season by one man. These districts are not necessarily of the same size 
or form. Their boundaries have been chosen, in part, in consideration of 
transportation facilities and field accommodation, and, in part, in con- 
sideration of the occurrence oC special features deserving particular atten- 
tion or special study. It has been possible to assign to each investigator 
of a district of this kind some important problem of a fundamental sort 
in addition to his regular district mapping and description. On this 
basis the area of the whole island has been covered by seven districts. 
They varv considerably in size, depending upon the nature of the country 
and somewhat ufton the complexity of the geological problem, and to 
some degree also on the amount of previous investigation in adjoirn'ng 
areas (sec outline map). 

The first two districts to be studied completed a broad belt entirely 
across the island from north to south, extending from San -Tuan to a 
point beyond Vega Baja along the north coast and from Guayama to a 
short distance beyond Santa Isabel along the south coast. This belt was 
chosen as a guide study and was intended to more firmly establish the 
major geological lines for further study of the rest of the inland. 

The belt across the island was divided by a line from east to west in 
the vicinity of Barranquitas into a northerly and a southerly district 
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Ihe northerly one has for convemeiKe ken k ^\ u I the San Juan 
District trom its pimeipal cit) A btudi of this distuct was eomiileteil 
U Ml Douglas E Semmes and the report on its geology, witli ffcnlojiic 
map forms a pai t of this bulletin 

ihL south end of tht bolt south of Barranquita^ «as stiidied by Mr. 
E r H<-dg< JIis area has been commonly referrel to i-s tlie Coamo- 
Guayama District A. spccnl study ot the nature anl piobable oii^iiii 
t the hot <^pijm«, it C(amo his htti mrhided li-\ Mi ITodgc in liis 
studieb of this distiict 

The AguadiUa Lares District ttcupies the uoithue<it corner of the 
I'.land extending si uthwest as far as Majaguez ThiB was studied in 
1016 bv Mr Bela Hubbard Ihe district includes the best material for 
T detailed m\estigation of the Tertiir^ st^atlglaph^ 

The Humacao District of the southeast comer of the island extends 
:ts far west as Guayama and as far north as Ceiba. This district contains 
one of the large areas of granite as well as the principal iron occurrence. 
'I'lic f.'1'ology (if this dintriet was studied by Dr. Fottke in 19]6. It in- 
volves these special discussions in addition to the district geologv. 

The Ponce District of the south and southwest quarter of the island 
extends from a few miles east of Juana Diaz to the west coast and from 
the south margin to Mayaguez. This was studied by Mr. Mitchell in 
1!)17 and was made to include the special problem of elevation and sub- 
sidence as marked by terraces, and also the problem of faulting. 

Two other districts are still to be studied. 

One lies in the northeast corner, occupying the area nortli of the 
TTumacao District, and may be called the Fajardo District. The other 
lies west of the San Juan District, extending to the vicinity of Onmny on 
the west and Adjuntas and the mountain divide to the south, where it 
touches the Ponce District. This is known as the Arecibo District. 

The accompanying outline map indicates the location of these districts 
■A\»\ gives the names of the men who have been responsible for their 
individual study (see outline map). 

SPECIAL INVBSTIOATIONS 

Special scicnitific studies not already covered by the general investiga- 
tions of group (a) or included in the district studies of group (ft) are 
chiefly concerned with pure science investigations connected with paleon- 
tology. Immense collections have been made and seem to be worthy of 
elaborate study. It is expected that they may ultimately form a volume 
on the paleontology of Porto Rico. 

A considerable list of special topics enumerated in the original Tteeon- 
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iiuis^niK-e ^In iiiit ilvsLT\,. mp flnhorMlc trciiniH^iit a.^ lliat «Uf;<;estcil nliovt'. 
nil. I i!iiluf<l niv >\\uW lu-irjillv riimj fnr in tlir iliircrciit .listrifl- stmlies. 
Sniit,. ,.r ii„.m Imw Ihti. iiK'iirii>ii<>il ill llmt .■oniici-tioii nlroa.ly. Aidonfr 

Ihnsr rnlisiiicivil lis rc]iIVS.>lltMt iu'S nf llio cl.iss JIIV tllC rollnwin^: 

0*) \lii].iihK^ siihilivisi.iiL or tlio Y..iiiij,'t;r Svrit's, 

(ftl _Mi.|inlil.' siiliilivisioii of tlie Ohlvr S.^vu* ('nni]il..\. 

(f) XatLirc anil nri^'in .-r \\w Han .[uaii ronuatiun. 

{r) rii!iii-ys id ('hiira.'tiT iiinl i-()iii|"isitiiiii of \W iu-iu'ons iiroihu-ls M 
idir.-iviit staf;.'H in I'orrn l.'icn voli^anir liisn.rv. 

(-/I Sl,i.li<.s ill liuiKnialii- ililVciviilialinii in an isnialv.l Vi)lraiH<' i-nilrr. 
(/n Origin of 111,. Iron Oivs, >■!,■., I'tr. 












Ill <|iih' (>r llK!cojii|)irxitv and oxh'tit of IIk^ ori^ritial iiinlcrlnkiii,^', most 
of it luis alr,.a.h- 1"vn .(.m'l'leti'.l so far aw rclatrs to tlic ;iriKTal stu.lics. 
ilisli-i.+ i|i-s<Ti|.tioMs anil sprci.il j.iohlotHS. (W scawmV HoM-wnrk oil 
tlie stale of tliat ->r HM,"> or lillll would coiiiiik^t:' sii^'li work, ami it would 
tlu'Ti I"- i.ossil.l,' to mfi\iv a iina! ;r,,, ,V'ii'al tiiin> of lln- island am! to writv 
llii' siimi.iarv ol' ils arr;il. stnu-tiiral and .Toiioinii- -roli.,L'> and itf^ -co- 
loj;ical hislon. 

A comiilctioii of it to that .■oiisiitiimalioii imn l.c ivjja r.led as tlio 
imiiu'dinti' olijcfd. of tlioso gcolojiii^ai fiidd studii's. 'I'lu- t>i"l''""tolnfiif 
stiidii's. iji so I'ai' as tlie.v arc iiccoMsary to the liistorical t.roatiiicnt. and 
wlratiirrajiliy. arc to la? indndcd in ttio fri'oliiji;ic investigations. Sulisc- 
quent studies of all kinds nud to nuy extout may he tiaspd ou tlip eidlw- 
lions. and ;idditional iiivcsti^rations al.)n^' palooiitolojrie linos will tlion be 
ini-ladi'd in a sn>ara(r volinnr midnr i)alonntol,>":y. 
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\f-:\V liASE MAP OF POin'O 
llv CiiKSTMii A. Bi:i.:i.s 



r'(i]!(i«-n];>- a sliorf: fiissil-eolleetiiig soaeon in Porto llieo in June and 
-Inly, liM.-). for llic NiMV Tark Academy of Sciences and the Porto Eican 
(Jnvi'rmiii'iii. ill.' Amoririiii Jriiscum of Natural History cooperating, it 

^''*'i i <]rsiral)l« for plotting results that a small outline map of Porto 

\Vw^^ siiould ])e propjired. During October, igifi, such a map was drawn 
!it 'j'lii' Aini'riesin Musimm of Natural History hy Mr. A. Briosomcistcr 
under my direction. Most of the data for the base sheet was obtained 
imm » large map which had been prepared hy the engineers of the 
Interior Department of tlie Portfl Rican floveniment. The four-sheet 
t-ditioii <if tlii^ U. S. Coast and Geodetic Survey and tlie TJ. S. Post Route 
ma)i of Porto Ttico wei'e also used. Before the end of October a solio 
print edition of one hundred copies of this new base map of Portfl Rico 
was published by The American Muficum of Natural History. Oom- 
]jlinieutaiT eo])ies of the preliminary edition were distributed t^ the 
memliers of the Porto Rican Committee of the New York Acailnmy of 
Sciences, to certain nflicials of the Porto Rican Government, to the 
various field men sent out by the New York Academy of Sciences to 
Porto Rico and to other interested persons. 

During Decemlier, 191-^, the 100, TiOO, 1000. ir,00, 9000, 3500, -tOflO, 
SoOO. (000 and -l-'iOO foot contour lines were drawn pn a separate sheet 
for superposition on the base map of Porto Rico which had been prepared 
ill October. Data for this topographic map of the island were taken from 
various sources, chietly tlie U. S. Coast and Geodetic Survey maps, the 
pi-oiiles nnd sketches of the engineers of the Porto Riean Highways Com- 
missioi!. the contour map of a portion of the south side of the island 
prepared by the Ivrigation Service, the U. S. Geological Survey's topo- 
graphic sheet of the LTif[uillo Forest Reservation, togethei' with H. M. 
Wilson's typographic map of Porto Rico, prepared for the Tf. S. Water 
Supply and Irrigation Paper No. 33. 1899. Numerous photographs by 
Professors C. P. Berkey and H. E. Crampton of the Portn Rican Com- 
mittee of the Now York Academy of Sciences as well as a large number 
by mvself were of considerable assistance in the preparation of the topo- 
iifiipiiie shoef. I'fffv eolio print copies of this contour map were issued 
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REEDB, HEW BAKE MAP OF I'ORTO RICO ^1 

l>j the Museum and complimentary copies were distributed as had been 
done with the base map. 

Early in 1916 the 10, 100, 300, oOO and. 1000 fathom lines wei'e added 
to the base sheet of October, 1915. Areas lees than three fathoms in 
depth were dotted. This information was compiled from the varioio 
Porto Eican charts of the U. S. Coast and Geodetic Survey. 

This map should be of interest not only to the scientist and tourist but 
also to the million inhabitants of Porto Rico, for it is legible, convenient 
ill size and contains a vast amount of information. 
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SYNOPSIS 

'I'lii^ area dcscrilieil in tiiis report, whidi lias been (lesip;iiate(l the San 
Juan district, lies on the iioi'thern side ot the island of Porto Rico. It 
extends from the city of San Juan on tlie east to a point about two miles 
east of Manati and southward as far as Barraiiquitas— an area roughly 
■M) square miles in extent. The San Juan district is a typical north- 
south section through the northern half of the island, the geologic and 
physiographic history of which may be regarded as essentially the same 
Hs that of the whole island. 

The physiographic history of the San Jimn district is that of a complex 
monntainous oldland, which has been peneplaned partially submerged, 
iiverlapped by a coastal plain, uplifted maturelv dissected, again slightly 
f^ubnierged and partially uplifted, erosion continuing in the interior from 
the time of first uplift. 

The formations of the district ma> be primardj divided into the 
yiiiniffcr series, or those that form the coastal plain and the ohler scries, 
IT tlu>se that lie below it. The youngest formation onifists of a coastal 
de|j<i,«it of indurated lime dune sand of presuniabh Plcintocene age over- 
lyitijj unconformably a limestone scries which forms the coastal plain 
proper. This limestone series, termed h\ Berkey the \recibo formation, 
lies almost horizontal {dip 6° N,) and i*. now maturel) dissected, giving 
nse to the typicjil pi'.pino or haystack topo,rrapln of the island. The 
Arccibo fonnation is regarded as upper Oligocene in age In the nortli- 
*vestem portion of the island, but not appearing m the San Juan district, 
!■" a lignitic shale member (the San Sebastian shale) which underlies the 
\reoibo fonnation. The age of this shale memlier la uncertain, but in all 
>lial)ility it is lower Oligocene. 

The older series consists of marine and \olcanic st liments with numer- 

'' tntrusives. It is highly tilted and lotalh follcl, resting uncon- 
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iNTiionrcriDX 

'I'lie Antilles mill tlio Coiitval Aipdru'an iv/tau liiur ivin^nii.'.l iiiilil Uv 
di)K(! Ill tlh' iiljieteciitli ceiitnry aliiinfit a li'nn iiiro^pirlii :i^ i'i';i!ii'ils tki'ii' 
trwliittiral stmetnri! and hlMtory. Ilnfiirtniiatclv. Iitlk> siitily liits siiioi' 
l>t'uii (I«\<>t<'(l to tills ctitii'al rOfriiDi " liich wnniecl.s the twii Aiiioricas, ami 
until more aeourattt hirnnnatinit refranling it is availahlo laiv idoas of tin' 
geologic eorrelation ol tlio two eoiitineiitfi must remain largely conjec- 
tural. At tin; close ol the Spanish-Auiericaii war I'orlo llico, iicing the 
closest, of our lu-wly acpiired insular |»i.ss,..ssi<ars, attracled a good deal 
of attention. During the llrst years ol the .\uiericait oceupalion niiali 
was ivritteu about the ishntd an.l its inhahitaiits. Several very goo.l 
pa|M'rs describing its general eonliguratioii anil geology were pohlishei! 
during this |)erioil.' and a number of articles on |iarttcuhir features le' 
the gtiTieral aspecbi of the eouutry appeared in current periodicals and i'l 

'DorKpy (ia02|. Hill (ISaCo), (1saRr|, Wilson (ISaai, (lonoi. 
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pn-i- lings <>\ W:\v\W'\ ^wmXk^. liitorcst iii J'orto Itii-n. however, suoii 

Miiiicd, iiiiil rroiit VK:l to 1!)J5 ]iothiiig regauliii;,' its f(eology was pub- 
lislifil. Ill V^\T| a paper liv V. V. Pievkoy nppfftvc*! in Hie ATiiinls of this 
Ai-aiU'iiiy. \vlii<;li givi'M tlio first iletiiiloil ami piin-ly geoL>f:ieal description 

uf liic islitn.l rliiil has M't iKvn written. 

(;i;o(,l;\rLlli' LOCAIKIN 

I'l.rro i.'icn. Ilic sniallrsl iiii.l wislcriniioKt o[ tlio (irealor Antilles, aver- 
ii^-i- :i.'i miles in wiiltli itiid 100 miles in leiigtii, |)rcseiitinf!; a refjulai" 
ii'ciaiif^ulaf outline three tiiiics as loiijf as broad and aliiiod nearly ex- 
iictly east-west. Its shoreline is nearly straight and quite refniiar. The 
iDiist is usually low, with a lew low jiroinontories. The rriiigiiig keys 
•.\\\<\ deep indentations characteristic of a more yoiitJifiil stage in coastal 
ilevi'lu|uiie]it, and so ahimdantly developed on the Cuhaii const, arc en- 
lirely wanting. Its area is ;il>'0 square miles, jnst r>00 square miles less 
than theareaof Jaraaiea, or itlpoLit three times Ihal »r Rhode Island. Its 

I",pulatiou, ennsiderod as a whole, is tlie rieiisesi ->!' anv < nlry on Ihe 

^■|ol>,.. 

"\_\Tiri:Ai. Uis-nuiv SnijvKV (.k I'oiiTu Itico 

In lim ai) ii|.]m)|.riatioi) Wiis made liy tlie insulav Government ol' 
I'orroJJii^o for the estalilishnieiit of a. Natural History Survey wliidi was 
to he eiirried on in (-(jnjunctio]i with the New York Academy of Sciences. 
The geological |»hase of the survey was begun in ItU I when Dr. Borkoy 
and l>r. hcnner sjieut a nmiilli ini the ishind. making a geological reeon- 
liiifssaiice, jireparatory to a siilisequeut and more detsiiled survey. The 
ri.llowing year the writer was assigned to the «an .luan distriet t-.> begin 
lln. more detailed wm'k. 

San .Iiax DisTmcr 

Tile region seleeted nia\ lii'st he ealled the San .■|ii,n, distri<'f, as San 

■ Ihi; ea]>ital, is silniiled in the (lortlieasterii corner. The district is 

lliar area comprised between longitude (Hi" li.'i' and (iti" 'iV west, and an 
■ ast-west lino through the t<iwn of Barranquitas about 31 miles south of 
Ihe iiorlherii <oast. The areal extent of the distriet is roughly r,OQ square 
miles, .\ corresponding area of similar width to the sontli was studied 
■■n llie ^ame time by l^fr. K. T. Tlodge. In this way a helt 25 miles wide 
"ii- .:urveyed entirely a<n'oss a typical pm-tion t.f the island. Tiiree 
iii'Miihs were spent in tlie (ield, in which time a topographic map was 
■■'nstiiieted. the mineral resoiirees studied, ami the geology plotted in as 
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■niK riivs[()(ii;Ariiv oi' tiik island 

■I'lH'.uriKTal ri,i,[iMunilion >inr! loim-nipliv nT ihr i<hiiKl U■.,^v l.ivii ^y,■\\ 
d('s,Til"',l liv M'MTiil (vrifiTS, I Joi't-ov (IIHl"^) |i,i^ ,vril(cir ;iii n-liiiir;ilili- 
(l(-s.'rii.li..ii 1. 1 till' scvi'i-iil tyi.cw of |i.|)Of;Tii|>li,v .»ii> meets uii ,r<.ssni;r Hi" 
isliiii.l. witii iiii I'siH'iiully (k-tiiilcl ili'si-rii.ti.iii <>l' the liiiU'stoMc to|)iij;rii|iliv 
,ir tlie .(Kistiil iiliiin. Wilsim (IWKI) iilso \m? .-.nvvii ii. j;<.uil f,v.'iimil .lo- 
scrij.tmii Dftho physi.iil iis[Kvt«. nii.l Hill (ISItil) ilesnihcl lln^ ).!iysm- 

niphy ill roillK'.:ti(>n uith his <><-oln^-i,'Ml IWnlHiuissMIKr ..! till' ishllhl. The 

rcc'iit article iiy Jierkry (l!li:>l j:i\es Ih,^ nuist. iiii"hTii iiud iletiiilcil de- 
,s.'ri|jtioii of the iiliysi.)^vni|.hv iiii<l plivsuifjcaphii' hislurv of the ishunl. 

The isluii.) of I'.'.v*.. Iti.-.. niiiy he (!es"rih«l iis a e.niipIeK ni.miitiMDuTis 
uMhuKl. ill tli<' ,>'" eyele <.!' ile\eln|>im'i<t. wllieh has iieeii ]>elie| Janeil. -v 
rciliieeil to an i.hl stjij;e u{ t(i|)<><cra(ilii(^ Uevelopiiienl. sii:>ineri.'eiL ovei- 
htp;pv<! hy a <-'.:,M:i\ |.laiii. ii|.lirtei| iv.iil ]»iatuivly (IK>erl<..l. parliallv sub- 
iiiei-freil. Ili.'ii re-u|iHrt.'<l and I'urtlier diss,'<l.>d. 



Til.' niusl eharaeteristie lopograiihic realuie ..r l'..iln IJien is its loi.i- 
[.h'.\ iiuaintaiiimis asjiei't. Tliiit [H.rt.imi of liu' ir-huid \U:A visis ah.ue sea 
level is iticn'ly tiie en.ileil erest .if a sulmi(-r;!V( I niDiinhiiii nin.w <■( ^Teat 
e<.iii[.lexity anil luatrnituile. This erinlcd e.rost risi's slee|ily IVniti the sea 
t^. Jill averafio altitu.le »f 2,"ilK) feel: aloii'j the diviih'. dwin;,' l.> .lilTeieme 
ill rainlall on tin- iii.r(honi aiul southevii si.h'. Ihe divide has he.>n |>nsli.'d 
U> the s<Hilli hy the .'lUTiHiehinent of tho lar^'er lu.i'lheni stieiniis until if 
n<iw Ktmuls two-thirds ol' the way tiwav.l the soulliei ii euast. The ])ri'seiil 
IKisiiioii or the divide has also'heeii aeei.nnl.'d Tor liv a iheary ol' ].].><■[. 
UmWw'i of tlie wind.' island wilh Ihe rnml hur >.( Ihe Idnek hieing ^niitli 
(Herkev. l^liri. ].. \<)]. In Hie nesleni pnilinii .A llie i^hnid tile dividr 
is donhle. where it is parted hy weslerlv llowiii-' ^Ifeain-,. Xear Adji!id:i- 
the twi. divides join at the lieadivaters ol' the Aiiaseo Kiver to lorni .. 
single ridi^e. whieh eontinues to Cavey. «liere it lirst swin-s southward, 
mid tJuni shayj.Iy to Die northeastern corner of the island. The Ln-jnilh^ 
r«n;re I'onns another wesluani exteiidin;,' hianili of the divide nearer tli'- 
northern coast. 

The ti'xt-ui'e ot the nioiinlaiiions topo-rapliy i. niediiini (o line. ex<T|. 
for eertain lowhmd areas ot eonrser texture. The iiiterjor lopon'mpjiv i 
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land is readily recognized from even tlie moat cursory observation of its 
geologic structure. An endless variety of sediments and volcanics, steeply 
tilted and locally folded, are to be found intruded, permeated, and satu- 
rated by igneous rocks of many kinds, assuming an endless variety of 
forms. 

P EN EPL AN AT I O N 

If one stands upon the summit of one of the central^sierras and looks 
out over the innumerable ridges that rise in all directions he may be im- 
pressed by the even crest line formed by the general accordance of sum- 
mits. This crest line apparently marks the present level of a peneplane 
the development of which began in Eocene and culminated in late Oligo- 
cene time. It is quite possible that the peneplane was never developed in 
any degree of perfection over the entire island In some districts, how- 
ever, its present position is clearly defined, and near Ma^aguea and Bincon 
undisseeted portions of this old upland surface can be seen In this 
vicinity the level-topped areas are locally known as mesas In other 
parts of the island no trace of an accordant skyline can be found How- 
ever, a discordant skyline might well be developed m local areas through 
differential erosion or by subsequent warping. The evidences for and 
against peneplanation are discussed in more detail in another part of this 
report. 

The present elevation of tiie peneplane ranges from 2000 to 2200 feet 
near the divide to sea level along the coast. On the northern side it is 
partially covered by the younger coastal plain strata, but in the stream 
valleys it can be seen still preserved beneath the coastal plain. Elevations 
rising decidedly above its maximum elevation, such as El Yunke (3790 
feet), Los Picachos (3700 feet), Ala de la Piedra (3650 feet) and Guilarte 
(3(500 feet), must be I'egarded as monadnocks upon the peneplane surface. 

The Coastal Pt.atn 

Overlapping the mountainous region, there extends for nearly the 
whole length of the northern coast a coastal plain of limestone and shaly 
beds, which reaches as far inland as Lares and to an elevation of 1300 
feet. A similar coastal plain appears along the central portion of the 
southern coast. They are both of early Tertiary age, but whether they 
are exactly contemporaneous is uncertain. This fringing coastal plain 
varies in width from a mere line of isolated limestone hills, as seen south 
lit San Juan, to a belt over ten miles broad north of Lares. On the 
southern coast it nowhere exceeds two or three miles in width. Overlying 
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the coastal plain on the northern side, and occurring as a string of fring- 
ing islands or low coastal promontories, is the San Juan lime sand. It is 
essentially an indurated dune sand composed of shell fragments and 
quartz grains. This sand extends nearly the whole length of the northern 
coast, except for the extreme eastern part, but it has not yet been reported 
upon the southern coast. 

The coastal plain is characteiisticallj mature in its stage of develop- 
ment. Some portions of it might be regarded as t,ub-mature, and towards 
the eastern end of the district, south of San Juan, dissection has con- 
tinued to late maturity. The larger area comprised between these two 
extremes, however, shows the rugged appearance of maximum dissection, 
characteristic of maturity. 

Bkck.vt SuBMt;EGU:xcE Asn Un.iFT 

Since the deposition ami uplift of the Tertiary coastal plain there is 
e\ideiice of stiU later movement. The rock terraces described by Berkey 
(1933, p. 48) on tlie southern side of the island indicate that the sea was 
once at that level, while the presence upon them of recent shells fixes the 
time. On the northern coast recent marine shells are found some distance 
up the larger valleys at elevations of 100-200 feet. The subsequent uplift 
was not as great as the previous subsidence, for large areas of the San 
Juan sandstone, which must have originated at or above sea level, are now 
submerged, forming islands fringing the coast. The available evidence 
s(«ms to indicate, moreover, a series of minor oscillations extending from 
Pleistocene time until the present, that is, the submergence which formed 
the fringing island was not continuous but consisted of numerous positive 
as «ell as negative movements. 

THE PHYSIOGRAPHY OF THE SAN JUAX DISTRICT 

Tlie San Juan district, as already stated, extends from San Juan west- 
ward to a point two miles cast of Manati and southward as far as Barran- 
quitas. Lying in the central part of the northern side of the island, it 
enjoys a very uniform humid climate. The mean annual rainfall varies 
from 50 to 90 inches. The dryest months are December and January, 
and the wettest month is May. The mean annual temperature varies 
from 74° to 78°. Though the climate is strictly tropical, the heat is 
rarely oppressive; a breeze is always stirring, and at least one or two 
showers may be expected eacli day. 
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The district represents a typical section «f tiie nortiiem half of the 
island, and its physiographic history has in general been the same as that 
given for the island as a whole. The accompanying block diagram (PI. 1) 
is an attempt to picture graphically the topography of the San Juan dis- 
trict. Traversing the district from the coast to the southern boundary, 
one would cross successive belts of differing topography, which may be 
regarded as the topographic provinces of the <listrict. On the coast is a 
narrow belt of modern sand dunes, in some places overlying the ol<ler 
Pleistocene consolidated sand dunes. Following this, there is an expanse 
of fiat plains locally known as playas. These extend from the coastal 
dune area inland to the Tertiary limestones. In places the flat expanse 
of the playas is broken by low, rounded hilts of the Tertiary limestones 
rising through it. To the south of the playa plains the typical pepino or 
haystack topography of the limestone belt begins. This belt extends 
inland and adjoins tlie oldland. It is occasionally broken by transverse 
valleys, such as the valleys of the Plata and Cibuco Rivers, which have 
completely removetl all the limestone so that the alluvial plains of the 
river valleys rest directly on the oldland. Separating the coastal jdain 
and the mountains proper is a low-lying area called by Hill (1899a) {lie 
"parting valley." Tliis is the inner lowland developed between the 
coastal plain cuesta and the oldland. It is well developed as it crosses 
the San Juan district, broadening out towards the east to form a lowland 
area several miles wide between Bayamon and Guaynabo. The moun- 
tainous area extends southward from the inner lowland to the southern 
boundary of the district. 

The Dune Aska 

The dune area presents typography of two types : first, the low promon- 
tories and coastal islands developed in the consolidated dune sand of 
Pleistocene ( ?) age; and, second, the modem dune topography that bor- 
ders the coast. The first type is best represented in San Juan City. The 
promontory, rising some I'S feet above the sea, on which the city stands, 
is entirely made up of the consolidated diuie sand. To the west it can be 
traced eitlier as a string of low islands, or occasionally as a promontory 
jutting out into the sea. Near Vega Baja Playa the island type is well 
developed, the islands ranging in size from a (ew yards to several hundred 
yards in length, and occurring out as far as a (luartcr of a mile from the 
coast (Fig. S). 

The second or modern dune type of topography is a narrow strip of 
live dunes composed of lime sand similar in composition to that which 
forms the consolidated deposits. The dune belt follows the coast for the 
entire length of the district, varying in widtli from a few feet to several 
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larly but chiefly at certain horizons us mor*. etirtlit n. iliaU Itwl'- of no len 
^eat lateral or vertical estent. SucH coiiilitlons aie lepeatea at occasion 1 1 
intervals in succesBlve horizons, is such a seiies is lifted abo\e sea Jesel aui) 
subjected to ordinary erosion and weathering the tendencj is (o) ffi tlie 
purer and more massive reef limestones to be attacked b\ the wlvent action 
of percolating water with a development of underground channels poious lock 
condition and actual caveras, (6) for the more earthj layers to rciist and 
limit such action at the levels where this matter la present In sufficient abun 
dance, with a development of residuary material is this action piogiesse« 
toward maturity, many of the larger caves polliipse and sink holes are tlius 
formed. Wltli still further development the sink holes merge uito each othci 
tn local areas where solution lias been mobt actue the earth> debris foims a 
soil In the bottom corresponding in level with the first important earthj la\er 
and adjacent remnants of the limestone reef stand out as sharp rugged hillh 
separated by irregular notches that represent other smaller collapsed caves 
The result of such action and conditions flnallj Is the numeious haystack 
hills standing on flat soil-covered aieas or sunounding such cieas is If thei 
were just set down as bunches on the surface 

This is no doubt the best explanation for the origin f the t\pical ha\ 
stack hills. Towards the south boundary of the limeBtotie belt, howevei, 
the haystack hills are not typically developel The topography of this 
region is raoi'e rounded, with better drainage pattern Oc-eaeional sink 
holes are developed, hut the topngraphi as a whole resembles moie that 
developed by normal stream erosion Thi"? difEeience j*! due to the change 
in character of the limestone The haystack tvpt is dp\eloppd on pure 
limestone, the lattei on shah limt stone and slialps 

TEIIRACES 

The haystack hills rise abmpth from almost level plains just is ha\ 
stacks on a grass field Tht plains are local dei elopraeiitt, and do not 
continue over extended areas On passing frcm one of these plains to 
another, one is conseio«=! of tht fact that thti rareh arc of the 'lame alti 
tude, that is, they are not separated portions of a continuous base level 
On the contrary, they assume a step like succession tormmg a seiies of 
seaward-facing terraces The level of an upper teirace correspond'^ 
roughly with the summits of the haystack hills on the ne\t succeeding 
lower terrace. The terraces are best de-seloped west of Vega Baja Iwo 
can be recognized on following the road from ^egi Baja to MrroMS at 
K^ 43-43 and K 3-4 {Morovis road) respectively {see topographic map). 
Others leas prominent can be detficted by means of the aneroid. 

There are two possible explanations for the origin of the terraces: 
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(a) The presence of a shaly layer in the purer reef limestones may be 
tlK' cojitrolliiin factor iji tlic development of a plain at a partiailar lovel 
through difference in solubility. The pure limestone would soon develop 
large caves, extending down to the level of the shaly layer, which, col- 
lapsing, would leave the haystack hills 011 a fairly level base. This plain 
would slope gently with the limestone strata towards the sea. After a 
time erosion would finally break through the shaly layer and a new ter- 
race would be formed with the next shaly layer as its base (Fig, 5). In 
This way successive terraces would he formed facing the sea. The differ- 
ence in appearance of the pure limestone and the shaly layers might well 
be so slight as to escape notice, so the apparent absence of shaly beds 
throughout tlie upper limestones would not disprove the theory. The 
writer located several shaly beds in the upper limestone that might easily 
liave caused the terraces, but no exact correlation could be made frnin the 
barometric readings. 

(6) It is also possible that these may be marine terraces. Evidence 
for recent subsidence iias already been mentioned, and marine terrace.^ of 




iibout tlie same elevation have been described from the southern coast 
(Tierkey,. 1!)15, p. 48). Both causes may have been infiuential, hut the 
writer is inclined to adopt the flrst, smce no marine shells have yet been 
found on the terraces. Moreover, the haystacks on the plains are more 
numerous and more promiscuously scattered than marine stacks should 
be, unless one considers the possibility of marine terraces later dissecte<l 
to form the haystack hills. 

The limestone belt extends across the whole district. It is wedge-like 
in general outline, being about five miles wide on the western border of 
The district, and thinning to a mere string of isolated hills on the east. 
Its iimer margin reaches the elevation of 'I'OO-SOO feet north of Corozal. 
Tn this locality and to the west its southern boundary is a well-defined 
':uesta which is locally known as "The Walls" (Fig, 6). To the east of 
Corozal the cuesta form is destroyed by more advanced erosion. 

Till': INNER LOWLAND 

Tins topographic province, described by Hill as the "parting valley" 
(TTill, ISOttfl, p. 105). extends entirely across the San Juan District, It 
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Jli^s l)L't«t;eii the infaciiig euesta of the coastal plaui on the iiorthtirii ajid 
the mountainous region to the south. It is best defined at Corozal (Fig. 
T) and to tiie west. Eastward it broadens as the limestone euesta wedges 
out, until south of Bayamon it is represented by a broad expanse of rolling 
country, extonding soutliward past Gnaynalio and merging gradually 
into the interior mountaiit. Its topographic development is more than 
tliat oil the iiitorior mountains, that is, its stage of development is late 
maturity, with mature streams crossing it in broad and often meandering 

THE INTlCUron MOUNTAIXdlS i;i:(iHIX 

Soutli of tlie inu{?r lowlands the topograpliy (jf the San Juan District 
is typically momitainnus. On a|>|iroachiiig the island the rugged serrate 




I'litiriK'tcr of tile skyline ciin he dintinguished soon after its outline rises 
above the horizon. Passing through the mountainous area one is im- 
])ressfd with the extreme degree of the dissectiim. Almost no level 
ground is to be seen. Througliout most of the mountainous region of 
the San .Tuan District the country has attained the maximum ruggedness 
characteristic of a fully mature stage in topographic development. Other 
portions show more or less advanced stages, but the topography of the 
region as a whole is mature. Between the numerous streams the divides 
form a network of sharp ridges, so steep that the natives have appropri- 
atelv named them cuchiHani or knives. These are likewise closely and 
deeply corrugated by ravines and gullies, the whole region assuming very 
much the appt>arance of a wrinkled handkerchief, a simile said to have 
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of the Orocovis River Bouth of Morovis. In this region tlie stream shows 
larger swinging meanders entrenched to the depth of 800-1000 feet (see 
topographic map). The origin of these incised meanders and their re- 
striction to the inner lowland and the adjoining mountainous region is 
comparatively simple. At the time peneplanation reached its maximum 
the streams passing out over the flat oldland surface acquired meandering 
courses on nearing the sea, which then reached inland as far as the present 
mountainous region. Subsequent gradual uplift has slowly entrenched 
these meanders as the coastal plain emerged and assumed the present 
position. 

STREAM CAPTUGE 

Although there are undoubted eases of stream capture in other portions 
of the island, no striking examples are to be found in the San Juan dis- 
trict. Near Comerio, however, there is a wind gap that was evidently at 
one time occupied by a tributary of the Plata River. This tributary-, now 
represented by Mora Creek, formerly flowed from the southeast through 
the wind gap and occupied the upper valley of the Arroyato River (see 
topographic map). Subsequently another tributary of the Plata, work- 
ing down from the north, intercepted the larger stream, forming the 
present Arroyato Eiver, which joins the Plata at K 23 on the Comerio 
Road. Both streams are now completely readjusted, but it is still evident 
that Mora Oreek occupies a nmch larger vailc}' than would be expected, 
considering its volume. 

PENEPLANE 

It has already been stated that the interior mountainous region has 
been partially truncated by peneplanatioji. In the San Juan district 
practically nothing of the upland surface remains. In some portions, 
however, its present elevation is well marked by the even character of the 
crest line. In the southern part of the district it can be traced at an 
elevation of 2000-2200 feet or less towards the eastern comer. From this 
elevation it slopes to the edge of the mountainous region, where it is 
approximately 1300 feet. At this point the mountainous region breaks 
sharply down to the inner lowland, forming a weli-deiined escarpment. 
The escarpment can readily be traced on the topographic map, especially 
in the central portion of the district just north of Naranjito. The 
peneplane level, occasionally discernible among the crests south of the 
escarpment, is not again recognizable until it plunges below the lime- 
stone strata of the coastal plain. At Corozal its elevation as it passes 
■ under the coastal plain is about 300 feet. From this it would appear that 
the peneplane surface was slightly upwarped along the southern edge cF 
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the coastal plain; but these irregularities in the present surface of the 
pcneplane may well have been original. The peneplanation was by no 
means perfect. In some portions of the district no indications of its 
former existence are to be found. Between Barranquitas and Barros 
much of the country rises far above the peneplane level. Such an area 
can be regarded as a monadnock group. On the other hand, near Cidra, 
in the southeastern comer of the district, the general elevation of the 
country lies below the peneplane level. In this area the peneplane either 
was less uplifted originally or its original elevation has been entirely 
destroyed by subsequent erosion or warping. Indeed the present irregu- 
larities of the skyline and the variations in the general elevation of the 
upland surface are of such magnitude that the writer is forced to admit 
that the area may never have been peneplaned, and that the apparently 
even crestline that can be seen in parts of the district may be partly the 
. result of an optical delusion on the part of the observer, and in part a 
real evenness, not necessarily caused by peneplanation, but due to weather- 
ing in situ and the formation of a thick soil mantle, which would tend to 
destroy the minor irregularities in the skyline. 

EOCK FORMATIONS 

The formational units of Porto Rico may be primarilv divided into 
those that form the coastal plain and those that lie beneath it. These 
have been named the Younger and Older Series by Berkey. They are 
everywhere separated by a marked unconformity, so that they are entirely 
distinct structurally as well as lithologically and faunalty. In the San 
■Tuan district the younger series includes all the formations encountered 
in passing from the coast to the inner lowland. These are, in the order 
if their respective ages, as follows: 

1. The modern sand dunes of the coast and the adjoining playa plains. 

2. The Pleistocene (?) San Juan lime sand. 

3. The Oligocene limestones and shaly limestones (Arecibo formation) . 

4. The San Sebastian shales, developed near Lares, but not in the San 
■Tuan district. Probably Upper Eocene or lower Oligocene in age. 

A detailed subdivision of the younger aeries will, no doubt, be possible 
when its fauna has been studied with care. The Arecibo formation is 
essentially a unit, though somewhat complex, and showing considerable 
variation laterally. The lower shale member is evidently a separate for- 
mational unit, merely representing a local ^development, which is not 
!ound in the San Juan district. A subdivision of the underlying oklcr 
•series, however, is. quite another matter. The complexity of the fornia- 
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tione and their lateral variations are so great that nothing more tliaii a 
general subdivision will probably ever be possible. The ioca! development 
of many of the formations, together with their disturbance and alteration 
by igneous agencies, make oveai the most fjeneralizi'd (.■orrvlations largelv 
conjectural. 

Younger Series 
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modei'Ji sand dunes is usually narrow, its greatest elevation of 8-10 feet 
being reached within 75 yards of the coast; from this point it slopes 
gradually inland and merges into the adjoining playa plains. 

Playa Plains. — The playa plains, which occur as an east-west belt 
across the district, lying immediately south of the dune district, are 
partly fluvial and partly marine in origin. They are composed of ma- 
terial derived from the interior of the island through the ordinary proc- 
esses of stream erosion and deposited by the streams passing out of the 
mountainous interior upon the comparatively level coastal plain. 

These streams are'now slightly entrenched, giving occasional exposures 
of a few feet in thickness. Such exposures show typical torrential bed- 
ding and deposits of fluvial character; however, marine shells are occa- 
sionally found upon the playas. These can be acconnted for through 
temporary inundations. During the hurricane of August, 1898, practi- 
cally the entire expanse of the playa plains of the district was flooded. 
At this time the simultaneous occurrence of heavy rains and strong north- 
east gale caused the inundation. It is evident, moreover, that the sea has 
not had direct access to the plains since the consolidation of the San Juan 
sand. Indeed the formation of an offshore sand bar in Pleistocene time 
may have been the controlling factor in the formation of the playa plains. 
In the sheltered lagoons formed behind the bar the alluvial material may 
have been deposited and subsequently uplifted with the San Juan for- 
mation. This would account for the typical fluvial appearance of the 
deposits, as well as their occasional evidences of the action of marine 
agencies. 
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initial ]i.or cementation \ microscopic examination oi the lime ^and 
however shows no evidence of any appreciable amount of subsequent 
leaching for a subsequent diaaolution would ha\e affected the reaiil) 
Insched calcarems fragment is well as the calcareous binding material 

\\ est of the extremit\ of tl e San Juan spit the continuation of the 
San Tuan foimation can be trace 1 by a series of islands the largest of 
which Cabras ri es lust m the center of the harbor entrance Small 
fringing islands of this t%pe wholly ccmpo'^ed ft the cons hdatel hme 
sand can be traced al ns the coast far be>tnd the western boundary of 
the listriet All the headlands and points that rise abo^e the general 
\e\e\ of the coast are likewise composed of this material Throughout 
this entire arei me find that the lime sand is chancterized b> \erj pro 
nounred cro«s bedding it an eolian tipe This cross beiding character 
b \ ell shown in the tace of the pr mcnttrv Ickw Morro Lastle as well 
as m numerous other bcalitie« to the we^t The eolian type cf cro«s 
Itddiiip t gethcr with the tact that the San Juan lime sand is almost 
e^e^^where associated with modem dune sands indicates that it was for 
merlj of similar character t^ the modern dune sands merely having been 
sub equenth consoh lated 

A/je. — The exact age of the San Juan formation is uncertain. None 
of the modern sand dunes shows even the initial stages of consolidation. 
Indeed, much of the material composing them appears to have been de- 
rived from the destruction of the San Juan formation Moreover evi 
denee of the final oscillations of the coaRt is clearly seen m the cliffs of 
this formation. Large portions of the consolidated '(and still remain be 
neath the sea, so it is evident that the formaticn was formed before these 
coastal movements occurred The formation contains no conclusive 
faunal evidence of its age. The shell fragments are so mmute that none 
could be determined. Occasional foraminifera occur but these proved 
valueless as an index of the age The formation has been regarded by 
Berkey as being of Pleistocene age This conclusion is denied trom its 
general appearance, situation and close association with mcdern dune 
sands of similar composition Indeed the upper portion of the formation 
might possibly be post- Pleistocene in age, though as yet no direct evidence 
has been found to support this view. 

TERTIARY LIMESTONE SERIES 

Arecibo Formation. — Underlying the San Juan formation, but sepa- 
rated from it b}' an extensive erosion interval, is the Arecilio formation, 
so called by Berkey from its type locality, the town of Arecibo. Tlie 
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iormatioii consists uf a series of reef and shell limestoues alternating 
with layers of ealeareouB shale. Towards the base of the series the shales 
become predominant. In the vicinity of San Sebastian, in the north- 
western part of the island, there is locally developed beneath the Arecibo 
formation a series of dark, lignitie shales, quite diiferent from the yellow- 
ish, calcareous shales that occur in the base of tlie Arecibo in the San 
Juan district. No equivalent of these shales could be found in the San 
Juan district. It is the writer's opinion that the San Sebastian shale is 
merely a local development, which is not equivalent to the Arecibo, prob- 
ably being much younger in age (see discussion of age of younger series). 
At Juana Diaz, on the southern coast, a similar shale member is to be 
seen. At this point, however, the beds dip as steeply as 36°, according to 
Berkey (1915, p. 13), which would seem to indicate either that they 
underlie the Arecibo unconformably or that they have been tilted by later 
movements. In the San Juan district the Arecibo formation dips 6° to 
the north. Its maximum thickness is not developed, but towards the west- 
ern boundary it is at least 500 feet thick. It extends entirely across tlie 
district, forming a belt several miles broad on the west, but wedging to a 
mere line of isolated hills to the east. Much of its former extent has, no 
doubt, been destroyed by erosion, but it still covers an area many times 
larger than that occupied by any other single formation. 

Along the valley of the Plata, where a good section of the formation 
can be seen, it consists, in the upper part, of a series of white reef and 
shell limestones of medium density, with occasional layers of yellow, im- 
pure, shaly limestone. The shaly layers increase in number and become 
essentially light-colored calcareous shales towards the base. The basal 
shales are of this character in this locality, and are entirely unlike the 
dark lignitie shales of the San Sebastian region. East of the Plata A''al- 
ley the base of the formation is not exposed, but there is no evidence that 
its basal shales differ in composition from those seen in the Plata Valley. 
The Arecibo formation as a whole appears to be a structural unit. Al- 
though it is not uniform in character and composition throughout its 
vertical extent, yet there are no unconformities or erosional breaks, nor 
are the variations in general appearance distinct enough to warrant a 
closer subdivision. Since the formation varies laterally as well as verti- 
cally, no specified section would hold true for the entire district, yet as 
one passes over the formation certain general changes are observable, 
which are continuous throughout the district. The upper part of the 
series, as has been noted, is characterized by the predominance of a white 
or pinkish, chalky, poorly bedded limestone, partly composed of shells. 
Locally this limestone assumes a hard, dense, and massive character, being 
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<|uite brittle and ringing when struck by a hainmev. It is in this pliase 
of the limestone that the caves, which are so numerous tlirough the lime- 
stone beitj are developed. The absence of shaly material malies it readily 
soluble by underground waters. Locally the upper purer limestones show 
the characteristics and content of a coral reef. Near Morovis the lime- 
stone has such an appearance. Close examination shows that it is com- 
posed almost entirely of corals and is even more irregular and massive in 
structure than the white, chalky limestone. On passing downward 
through the series, one notes that the bedding becomes better delined and 
occasional layers of shaly limestone are to be seen. Thin, shaly layers 
occur even in the highest beds, but they do not become noticeable until 
better developed towards the base. In the lower j>ortinn of tlie formation 
the shaly layers become predominant and the massive, purer limestone is 
entirely lacking. The base of the series is entirely composed of calcareous 
shales, which are porous, coarse-grained, and well bedded. Such a suc- 
cession would naturally be expected under the conditions which seem to 
have prevailed. After submergence the coarser, shaly material would be 
laid down first near shore, followed by finer shales and shaly limestones, 
with occasional beds of purer limestone marking temporary periods of 
clearer waters. Finally, the upper limestone beds and coral reefs would 
be deposited when clear-water conditions had been establisiied. 

Age. — The fauna of the Arecibo formation has never been carefully 
studied. The fossils are as a rule poorly preserved, nothing remaining 
but the internal molds which are rarely determinable. The older series 
was formerly thought to be Paleozoic, but the limestones of the coastal 
plain were early recognized to be of Tertiary age. 

In 1868 Cleve (1883, p. 189) first approximately determined the true 
i^ of the older and younger series. He stated "that the island of Porto 
Rico consists largely of very thick, almost undisturbed limestone beds of 
Miocene age; but in the interior of the country, around Utuado, rocks 
similar to the Cretaceous of the Virgin Islands are met with." 

In 1898, after a reeonnoissance of the island. Hill concluded that the 
ages of the Tertiary formation were as follows (Hill, 1899o, p. 109) : 

The upper part of the Pepino hills is made up at their surface of a ratlicr 
hard lime marl full of coralheads, witli occasional Indurated strata of firm 
white poroua limestones. These rocks (the Pepino formation) are of Miocene 
aire, as determined by Mr. T. Wayland Vaughan from the corals collected by 
me, similar to certain rocks of Antigua hitherto not known In the geologic 
sequence of the Greater Antilles. Their tilted position, standing at 1200 feet 
where they meet the older volcanic mass, testifies to the great geologic move- 
ments which have taken place in the West Indies in late geologic time. 

Below this limestone, which la at least 100 feet thick, are fois,illfevnus 
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greensiinU marls of undetermined age (Eocene or Oligocene), which iu tuni 
rest upon a great thickness of thinly stratified reddish lignitic clays and sands 
of Eocene age (the RichmoniJ formation) whieli outcrop near San Sebastian, 
Guatemala and Mociin on tlie western eiiii of the iwlanil, and neiir t'aroliiia on 
the northeast coast. 

The pepino formation is in part equivuleiit to the Areeibo. Ko greon- 
sand marls were found in the San Juan district, but these probahly cor- 
respond to the lower shaly Arecibo. The lignitic clays and sands are 
what lias since been termed the San Sebastian shales. In the older lime- 
stone beds of the interior, Hill mentions the occurrence of a Cretaceous 
fossil (Eudistes), thus confirming Cleve'a earlier supposition that the 
older series was of Cretaceous age. 

Through the aid of Dr. William H. Dall, the material which the writer 
collected in the San Juan district, as well as some of that collected by 
Dr. Berkey the summer previous, was roughly determined. The material 
consisted almost entirely of internal molds, some of them being so poorly 
preseiTsd that even the genus could not be determined. In only one case 
was a species positively identified, but the accumulation of evidence from 
quite number of genera, as well as the general appearance of the forms. 
made the determination of the ages of the respective members of this 
aeries fairly reliable. The forms studied should be divided, according to 
the locality from which they were collected, into three groups ; 

] . Collected by the writer from the base of the Arecibo, near Toa Alta 
and from the upper part of the same formation near Vega Baja. The 
forms from these two localities are so much alike that no attempt was 
made to distinguish between them. 

S. Collected by Berkey from the Ponce formation just northwest of 
Ponce, on the southern coast. 

3. Collected by Berkey from the San Sebastian shales (upper portion) 
near Lares. 

Tlie fauna from the Arecibo formation consisted of pelecypods, gastro- 
pods, and corals, of which the following genera were identified : 

^[ctrix f.rinitaria (Dall), an index of the Bowden fonnation, upper 
Oligocene of Jamaica, found throughout the Arecibo formation 
in the San Juan district {PI. II, la, lb). 

Pectensp. (PI. II, 5). 

Mimasp. {PI. II, 2a, 2t). 

Haminea sp. Very abundant (Pi. II, 3a, W). 

Cyprwasp. Abundant (PI. II, 4). 

Amauropsis sp. 

Comissp. (PI. II, G). 

Ampvhna sp. 
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8trombus&p. {PI. II, 7). 

Orbicella aff. cavernosa (Linn.). 

Fungid coral, not determinable, but similar to those found in the 

Oligoeene of Antigua, Anguilla and Ouba (PI. II, 8). 
Venms^. (PL II, 9). 

Although only the first of these forms may be regarded as even an ap- 
proximate index, yet the fauna as a whole from ite general appearance is 
regarded by Dall as Upper Oligoeene. The occurrence of Metris trini- 
taria at the base as well as in the upper portion of the formation would 
indicate that the entire Arecibo formation as developed in the San Jnan 
district is Upper Oligoeene. 

The second group of fossils was collected from the Ponce formation 
on the southern coast. This material was also so poorly preserved that 
the genns could not always be determined. This group includes : 

Ludna sp. 

Lucina sp, small specimens much like forms from the Chatta- 
hoochee (Middle Oligoeene of the Gulf Coast). (PI. II, ]].) 

Pecten sp. like P. thetidis (Sowerby). (PI. II, 10.) 

Fasdolaria (PI. II, 12). 

Ammiropsis ocalana (?) similar forms in Ocala limestone, Vicks- 
burg formation, lower Oligoeene of the Gulf Coast (PI. II, 13). 

As the relative position of the specimens in the Ponce formation was 
unknown, the geologic range could not be determined. It is probable 
that the specimens were collected from the lower portions of the forma- 
tion. These forms at least indicate that the formation is lower to middle 
Oligoeene and that it is in part practically equivalent to the Arecibo 
formation of the northern coast. 

The third group waa collected near Lares from the first shell bed of the 
San Sebastian shales. This shell bed is located in the upper portion of 
the shales. It contained : 

Venericardia sp. 
Osirm sp. 
Conus sp. 

None of the forms of this group could be used as an index of its i^, 
but from their general appearance Dall concluded that they were lower 
Oligoeene or possibly upper Eocene. Therefore, since these forms were 
collected from the upper part of the San Sebastian shales, it is probable 
that these shales are, in greater part, of lower Oligoeene age. 
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Underlying tlie Arecibo formation is a complex series of sediments of 
both aqueous and volcanic origin, intimately associated with numerous 
igneous rocks. It is this complex that Berkey has termed the older series, 
since it is unconformably separated from all the formations that have 
been described and is in appearance much older than these strata. The 
older series outcrops in all parts of the San Juan district south of the 
inner lowland, an areal extent of roughly two-thirds that of the whole 
district. The contrast in appearance of the two series is strikingly evi- 
dent as one passes abruptly from the nearly horizontal beds of the Arecibo 
formation, showing comparatively simple structure and only minor varia- 
tions in lateral and vertical extent, to the steeply tilted beds of the older 
series, where sediments and voleanics of all varieties are dissected by an 
infinite number of igneous rocks, both intrusive and extrusive, ranging 
in size from small stringers to major intrusives of many square miles in 
extent. ■ The subdivision of this intricate series is an exceedingly difB- 
cult task. Many of the formations are of such insignificant thickness 
that they would necessarily have to be grouped to appear on a geologic 
map of moderate scale. Such grouping would be on an arbitrary basis, 
for the formations involved do not naturally fall into larger groups. Con- 
sequently, only generalized subdivisions have been made on the geologic 
map, the detail in structure and composition being shown on the accom- 
panying cross-sections (PI. IV). The rocks of the older series include: 

Sediments essentially marine. 
Sediments essentially volcanic. 
Igneous rocks. 

Marine sediments which have been wholly derived from tlie jaiul 
through the ordinary processes of erosion and stream transportation are 
almost unknown in the older series of the district Practicalh all of the 
marine sediments contain volcanic material. Some are lomposed wholly 
of volcanic material cemented by carbonates. These sediments have been 
well assorted and bedded, and often contain marine organisms The 
marine sediments — that is, those that show more strongly the character- 
istics of marine rather than those of volcanic sediments — include hme- 
stones, shales, sandstones, and conglomerates. These form onh a small 
percentage of the total thickness of the older series. Oeeasionallj shale 
and conglomerate beds of 100 yards or more in thickness are to be seen, 
but the limcf'tone beds arc usually les"" than 100 feet in thickness. With 
the marine sediments, the extended series of volcanic ashes and tuffs is 
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intimately associated. The ash beds are usually well bedded and a cer- 
tain degree of assortment can be seen in the material that has been either 
ejected directly into the sea or subsequently reworked. The tuifs arc in 
fffcater part massive ; others are well bedded and show evidence of marine 
assortment. The ejectmental material is of all sizes from fine ashes coiri- 
jjosed of grains less than .01 mm. in diameter to coarse tuffs containing 
fragments a foot or more in diameter. A continuous series is formed 
between these two extremes, so that the distinction between ashes and 
tuffs is merely an arbitrary one based on size of grain. The complexity 
of tlie older series is primarily due to large number of igneous rocks that 
occur closely associated with the sediments. But for the fact that the 
older series lias been so thoroughly dissected by igneous intrusions, its 
correlation and geologic mapping would be a comparatively simple matter. 
As it is, however, correct mapping can only be done after detailed stiidy 
of areas where outcrops are numerous. 

RE8IDUAI. SOIL AND milPTH OF DI^CAY 

Xone of the rock formations of the district is free from surface altera- 
tion and decay. The older series, longer exposed to the weathering agen- 
cies, has been altered to considerable depths and is now almost everywhere 
covered by a residual soil locally reaching many feet in thickness. Its 
greatest development is in the inner lowland, where the relief is moderate 
and stream ti'ansportation slower. In this region it is often possible to 
make excavations of 15 feet in depth without encountering bed-rock. 
Tonsequently, in this lowland i-egion outcrops ai'e uncommon and the 
few that ccur are oftJ.n so highly decomposed that the exact nature of 
tl L rigmil rotk remains uncertain. Even in the mountainous region 
ihere outeroj s are plei tiful many of tliem are badly decomposed. The 
stream be is and retent road cuts afford the best opportunities ftir the 
atudv of e\tended surfaces of fresh rock. Even though the temperature 
changes are small e\folntion is common, producing peculiar concentric 
arrangements tl at are strikingly pTOminent in many of the shales, vol- 
canice ind igneous rocks (Fig. 10). 

One of the mo-rt striking characteristics of the topography of the old- 
land I* the remarkable stability of the soil mantle. As has already been 
noted the soil mantle remaining practically in situ, might well l>e re- 
garde 1 is an imp rtmt ta<-tor in determining the regularity of the crest 
bne m man\ pWc-- giving rise to well rounded hill summits that have 
been regarded as ^ood evidences of peneplanation. Hillsides that slope 
s stieph aa 40° can he cultivated with little or no loss of soil. Knife- 
1 1 il '< 1 itl 41 i pes on either side retain their soil to the very 
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inspection shows that it is a dense, grayish, brittle rock, eoinparativeJy 
easily dissolved, as is indicated by the few outcrops tiiat rise above the 
residual soil. Moreover, the limestone is strongly fraginentat. It con- 
sists of angular limestone fragments, usually less than 3 inches in diame- 
ter, and occasional particles of feldspars or ferromagnesian minerals, 
thoroughly bound together by a calcareous cement. The strike of the 
iied is roughly N". W.-S. E. Its dip could not be accurately measured, as 
none tif its structural relations could be determined from the few limited 
outcrops. The dip, however, was judged to be about IS^-gO" N, E,, 
since it was apparently conformable with the neighboring t^pen which 
show approximately that di]). The thickness of the bed is iho umti 
tain, but it is not believed to exceed 100 feet. Thi^ limcitone tan bo 
followed from a mile southeast of Corozal untd it piunges btlow the 
Tertiary strata to the northwest. 

The origin of the fragmental structure, which is characteristiL ot iliib 
limestone, is quite puzzling. An examination of the rock under the micixi- 
M'Ope shows that the fragments are angular, indicating that they have 
undergone little or no transportation. Moreover, particles of feldspars 
iiiid ferromagnesian minerals, which are perfectly fresh, occur with the 
limestone fragments, so one must also iiiier that consoiidation tools 
place very soon after deposition. It is the writer's belief that the frag- 
mental structure in the limestone is directly due to volcanic agencies, 
that is, breceiation was caused by volcanic eruptions which probably took 
place as submarine eruptions through a limestone bed. The shattered 
limestone was then deposited with intermingled feldspars and ferro- 
magnesian minerals, and the whole cemented by further precipitation 
of CaCoj from the sea. The presence of marine organisms in the inter- 
stitial CaCo, makes it evident that the breccia was at least reworked bv 
tlie sea, and the angularity of the fragments would indicate that the 
ejectmental material was thrown directly into the sea, or that the erup- 
tion itself was submarine. Such an explanation for the origin of the 
('orozal limestone breccia is not without its defects. The breccia is of 
'■onsiderable extent, yet no traces of the older limestone beds, which 
ii'ere shattered to form the breccia, could be found. It is possible that 
the locality just south of Corozal, where the brecciated structure is best 
'Icveloped, marked the locus of the eruption, and that in other unex- 
|K)sed portions of the limestone Iwd the fragmental structure might he 
iiicking. In this case the fragmental material would be practically in situ, 
fiii-ming only a brecciated phase in the original limestone bed. If such 
""ere the correct interpretation, however, one would expect the breccia 
'" contain a large amount of volcanic material. In reality it is com- 
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posed almost wholly of fragments of pure limestone, but it occurs closely 
associated with an extended series of bedded tuffs, indicative that the 
deposition of the limestone fragments occurred first, followed by that of 
the tuffaeeous material. The Corozal limestone breccia contains abun- 
dant foraminifera, which will be described with the other foraminiferal 
beds imder the discussion of the age of the older series. 

LA JirDA LIMESTONJi 

Eerkey (1915, p. 93} has described the occurrence of this limestone 
just east of the San Juan district near La Muda. The same limestone 
was found by the writer just south of the town of Guaynabo, where 
it is exposed in a small quarry as one leaves the town by the trail to 
La Muda. Its strike is N. 48° W. and dip 30° S. W. The thickness 
of the bed was roughly determined as about 40 feet at this point. To 
the east, according to Berkey, its thickness materially increases. The 
formation could be traced along its strike for a distance of about S miles. 
Northwest of Guaynabo it finally disappeared under the heavy residual 
soil of the inner lowland. To the southeast no outcrops could be found 
beyond K 26 on the military road. It possibly continues farther, as no 
careful search was made for it east of the San Juan district. 

The Muda limestone shows a fragmental structure similar to that 
seen in the limestone near Corozal. It is not so striking, however, as 
that seen in the Corozal limestone, because of closer cementation of the 
fragmental material which gives rise to a dense, grayish-white limestone, 
in which the fragmental structure is only betrayed by its somewhat 
mottled appearance. Microscopic examination of the limestone shows 
the fragmental structure well defined, as well as small amounts of 
tuffaeeous material and foraminifera scattered throughout the cementing 
material. The limestone, on the whole, is very similar to the one at 
Corozal and both, no doubt, have originated in the same manner. The 
Muda limestone is likewise closely associated with tuffaeeous formation. 

AGUAS BL'ENAS LIMESTONKS 

Two miles south of the town of 4guis Buenas are the £;reat caves cf 
Porto Rico (Dinwiddie, 1899) These are developed along the strikt, ot 
a limestone bed about 100 feet m thickness The "itnke of this bed i>- 
roughly N. 50° E. and dip 20° ^ \\ In the ^allev of the Ba\amo3i 
River, to the west of the caves two limestone beds arc to be leen which 
« re apparently c<mformahle. To the ocuth\\tst the same leds mi\ a^ain 
he seen in the valley of the Arro^ati Rnei -o the strike ^*as rloseI> dc 
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tirmiiiel bi plotting tlie outcropb The strike of tliese limestone beds is 
J rattically normal to the general strike it the formations throughout 
mo t <f the district This pioncunted \arianLe in strike indicates that 
the iguas Buenas limestone 1 eds aie untt nfoi mabiy related to the other 
beds of the older aeries 4bo\e the thickest of these two limestones, in 
which the caves iccur is a coarse conglomeratic tuff which contains 
irajjinents of the older limestone Beneath the limestone are other tuffs, 
cr rather tuffaceous limestones which lesemble Muda lunestone, except 
that the\ contain larger amounts of tuffaceous material. No forami- 
I if era or other organisms b'^ which the age o± these formations could be 

ktermmed were found but from the structural relations it would he 
inferred that the \guas Buenas limestone's lie below and arc uncon- 
f irmabh lieparated trora the limestones previously described. The struc- 
ture of this aiea however was not satisfactorily worked out. If the 
iroa to the east of the San Juan district is evtntually mapped, the rela- 
tionship of the \guas Buenas to the Gua>nabo limestone may be made 

lear for the former should be truncated h\ the latter in the valley of 
tl!c Loisa River north of Caguas, provided each continues that distance 
idi)[ij; its line of strike. 

LIMKSTOXE AT K 39 

On the Comerio road, at K 20, a thin bed of impure limestone approxi- 
Juateiy 5 feet thick occurs interhedded with tuffs and ashes. The lime- 
stone contains a large amount of tuffaceous material, being in reality 
merely a tuff that has been highly carbonated. Although insignificant in 
size, this limestone bed serves as a typical illustration of the frequent 
occurrence of limestones partly of volcanic origin, occurring intimately 
associated with volcanic sedimente. Impure limestones were also noted 
iin the trail from Barros to Corozal and in the lower valley of the Bar- 
rancas Eiver. 

JUAX ASCENCIO CHERT BEDS 

Xortlnvest of the Aguas Buenas limestones in the barrio of Juan Ascen- 
cio there is a chert bed of considerable tliickness, the strike of which is 
Mjiproximately parallel to the limestone beds (N. 5O°-60'' E.). The dip 
and thickness of the bed could not be determined from the few scattered 
outerops that were found. This chert is a hard, dense, grayish white 
riick, which consists wholly of an exceedingly fine-grained aggregate of 
'^'Hca, showing an absence of any bedding. Just north of the ridge on 
"hich tills chert outcrops a siliceous rock showing fine crumpling was 
'li-covered. A microscopic ill examination of this rock proved that it was 
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One might coiieiutle from a Imrriod examination of the island that 
shales are commonly encoiintered in great extent, bnt in reality typical 
shales are only occasu iiallj Iwund Man% <.f the t^imations that ha e 
been recorded as shales are well bedded ashes Indeed such a gradation 
exists between the shalei ani a'shes that in ome eases one cannjt be ure 
in just which class a gnen f jrmation belongs 411 the shale-i found in 
the San Juan distnct contain some ^ kanit material Man'i ot them are 
composed almost whclh of ash^ material The intimate asso lation cf 
shales and ashes would lead one to infer that eithtr ms^ht have been de 
posited under essentially the same ph\--i(,al conditions that is the change 
from shala to ash aiLumulation need not mark any noticeable change m 
the climatic or physical cmditions under which they were dep sited 
Many of the shales are calear ous Srme contain such large quantities 
of calcareous material that they have formerly been regarded as lime 
stones. Foraminiteral ahelK occur in "some of the shales and occasnnall} 
a shale is almost entireh conipr sed of these minute organ^ms 

The largest accumulation of shale in the district is near the town of 
Bairan(]uitas, where the aggregate thickness of the shale series must be 
'.e\eral thousand feet These shales are verj cal areous «f much so that 
thej were originallj regarded as limestones b> Hill (18)1 p 108) 
The\ ippresent the calcareous extreme m the shale series but stneth 
speaking the\ should not be termed limestone The shales extend fi m 
about K 40 on the Gomel k Barranquita* if ad tt a point a g d dii-tance 
south of Barranquitas on the road to \ibonito Ihey form the crest of 
the island m this yicmitj extending down some distance on either side 
of the principal diviie The shales contain a gool deal t ash\ and 
tuffaceous material and are Iwallv mterbedded with a'-hc an 1 tuffs The 
strike of this series is roughly N. W.-S. E,, which indicates that it is now 
limply a phase in the extended series of tuffs and ashes that form the 
iiasis of the island. 

On the B ay amon- Comer io road, at K 5, there is an outcrop of well 
sti-atified shales dipping 45° to the S, W. and apparently striking parallel 
to the general N. W.-S. E. strike of the region. Fresh specimens can be 
obtained in the road cut, which when examined under the microscope 
i^liow an exceedingly fine-grained texture. The material is in such a fine 
J'tate of subdivision that nothing can be recognized except minute grains 
of quartz. The rock is very dense, with little or no pore space. Faint 
banding can be discerned in the hand specimen, but no orientation or 
bedding is visible under the microscope, Eerkey has suggested that these 
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A somewhat extensive series of shales was discovered in barrio Piiias, 
southeast of Toa Alta. These shales are well stratified. Their strike is 
about N. W.— S. E. and dip 20° S. W. On the weathered outcrop the 
shale appears ae a light, porous rock, which is composed of an aggregate 
of very flue, shaly material with numerous minute cavities, some of which 
are now filled with quartz and zeolites. These cavities were in part at 
least originally occupied by foraminiferal shells, which have been leacheil 
out and the cavities in part refilled with quartz and zeolites. A large 
percentage of them, however, is still empty and as a result the shale is 
exceptionally porous. This shale is very similar to a specimen collected 
by Berkey from Fajardo, but as yet too Httle is known about either of 
the formations to attempt any correlation. 

Another shale of similar character occurs in liarrio Cnchilla, where the 
Morovis trail crosses the TTnihon River. The shale strikes N. W.-S. E. 
rtkI dips 30° to the N. E. It contains a great deal of ashy material, to- 
gether with Jiumerous foraminifera. The formation might equally well 
lie described as a volcanic ash series that has been thorongldy reworked 
and assorted by the si.'a. 



Pure quartz sandstones are almost unknown in Porto Rico. This is 
due to the fact that so few of the rocks contahi quartz in any appreciable 
quantity. Only the granites and rhyolites, which are comparatively rare 
in the San Juan district, could afford a source of quartz sand, so it is not 
surprising that quartz occurs only as an unessential constituent of the 
sandstone formations. The few sandstones that are found in the district 
are composed chiefly of tuffaceous material that has been well sorted and 
somewhat rounded by stream and wave action. 

The most interesting occurrence of sandstone that was found is to be 
seen in the quarry at K 8 on the Conierio road. It is a dense, medium- 
grained, dark greenish rock showing good bedding and containing numer- 
nus inclusions of shales. The formation dips 42° to the S. E. and appar- 
ently strikes W. 65° E. This is nearly normal to the general strike of 
the district, and agrees more closely to the limestones south of Aguas 
Buenas than with the conglomerates and tuffs just to the south. It is the 
writer's opinion that this sandstone is of limited extent, representing an 
nncient delta or fan. Such a theory of its origin would explain its ab- 
'lormal strike. The sandstone is composed of a granular aggregate of 
i'erromagnesian minerals, feldspars, and occasional grains of quartz. This 
uiaterial is undoubtedly of volcanic origin. In other words, this sandstone 
i^ merely a fine-grained tuff, the constituents of which have been some- 
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M iiat ryuiidotl atiil assorted in being trausported from the point of erup- 
tion to tiie point of accumulation. The angularity of many of the grains, 
and especially of the shaly fragments, leads one to infer that the material 
has not undergone extended transportation. 

In barrio Padilla, where the Corozal-Morovis trail crosses Piedraa 
Muelias Creek, there is an interesting occurrence of arkose sandstone. 
The sandstone is a medium to coarse-grained, greenish rock, consisting 
of an aggregate of feldspar and quartz grains with interstitial chlorite. 
The feldspar grains, which are predominantly plagioclase, are somewhat 
murky, but no actual decomposition has yet set in. This sandstone also 
is essentially a volcanic tuff. The presence of such a large percentage of 
unaltered and angular feldspar grains indicates that the material was 
deposited almost at its source. 

A ilne-graineii, reddish quartzite was discovered in barrio Santa Olaya, 
just south of Helechal Peak. This was the only sedimentary rock found 
in the district that consists chiefly of quartz. It appears to have been first 
deposited as a fairly pure quartz sand. Later this sandstone was further 
silicified, probably under some degree of pressure, as a faint orientation 
of the grains can now be seen. The quartzite apparently does not repre- 
sent the product of regional or contact metamorphism, but is merely a 
highlv silicified sandstone. 



Conglomerate beds are frequently found in the older series. In aggre- 
gate they form a large percentage of its total thickness. They are, how- 
ever, much more abundant on the southern than on the northern side of 
the island. The conglomerates occur in belts trending N. W.-S. E. or 
parallel to the major tufE series, which apparently form the backbone of 
tlie island. It has been suggested that the conglomerate belts represent 
breaks in the older series, separating it into tlisconformable or possibly 
unconformable groups. 

The only important conglomerate that was found in the San Juan dis- 
trict can be best seen in the cuts along the Comerio road at K 12-13. 
This is a boulder conglomerate, which must be over 500 feet thick, though 
there are not enough outcrops to determine its exact thickness. Its strike 
is about N. W.-S. E. The material of which this conglomerate is com- 
posed is almost entirely volcanic in origin. The boulders are chiefly 
igneous rocks, especially andesite porphyries. Occasional boulders of 
older tuffs were also found. It is possible that this conglomerate was 
formed by the erosion of some older tuff formation, but it is more prnb- 
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able tliat it repreaeiite an accumulation of tuflaeeouB material directly 
derived from volcanic sources, and rounded bj stream action during 
transportation to its point of deposition. This view is supported by the 
fact that the material is exceedingly poorly assorted. Large boulders and 
very fine tuffaceous material are intermingled in all proportions. If this 
conglomerate were produced through the ordinary agencies of stream 
erosion, some assortment of the material would be expected. 

The conglomerates are in many places closely associated with igneous 
activity. At K 12,5 on the Comerio road a felsitic dike, 10 feet thick, 
intrudes the conglomerate (Fig. 11). At other points it is intruded by 
larger igneous bodies, Northwest of Aguaa Buenas, in the bed of the 
Bayamon Biver, there is a conglomerate which appears to have been satu- 
rated by the still molten magma, for boulders can now be seen in a crys- 
talline matrix. The phenomenon has been reported by Berkey as occur- 
ring in some of the conglomerates on the southern side of the island. The 
extensive series of Muda tuffs also shows conglomeratic phases, but as this 
formation is essentially a tulf, it will be described below under that head. 



The conglomerate formations in many places grade imperceptibly into 
lieddod and massive tuffs, which constitute the most abundant rock type 
that is found on the island. They occur in an extensive series of great 
variety, forming the most dominant structural feature of the older series. 
The tuffs for the most part are massive in structural habit. Bedded tuifs, 
however, are frequently encountered which have been worked over and 
somewhat assorted during deposition. The finer material shows better 
bedded structure, and the finest ashy material is often perfectly bedded. 

The tiiffaceous material shows a good deal of variety in composition. 
For the most part, however, they are composed of fragments of igneous 
rocks, predominantly the porphyritic andesitic type, so that this variety 
may be termed andesitic tuffs ; yet a close examination of a large amount 
of tJie volcanic material reveals the fact that practically all the rock 
types of the older series are represented. Fragments of all the important 
igneous rock types were found, as well as occasional fragments of older 
tuffs. At K 7.5, on the Comerio road, a tuff containing numerous frag- 
ments of limestone was found. The limestone fragments arc dissolved 
out on the weathered surface, giving the tuff a pitted aspect- Near this 
point is the tuffaceous sandstone which contains large fragments of shale. 
Tt is evident, therefore, that the tuffaceous material, though of general 
andesitic composition, contains a large variety of rock types of different 
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conipoaitiou, some of which locally constitute large portions of the entire 
tuff formation. 

The composition of the tuffs is often locally modified by the intrusion 
of igneous rocks. The cutting of tuffs by igneous dikes and larger intru- 
sions usually has little effect upon them, but it often happens that the 
magma, while still molten, has permeated the tufE and there crystallized, 
forming a tuff with a crystalline matrix. In consequence, it is often 
exceedingly difficult to distinguish between a tuff that has been invaded 
Ity an igneous magma and a true intrusive igneous hody that contains 
numerous inclusions. 

The tuffaceous locks are espenaU> lialde to alteration and nKdifua 
tion \s they are u<iuallv pooily consolidated when first deposited they 
form mediumfa readih permeated b^ aqueous solutions of all kinds Con 
sequenth man\ of the tuffs ha\e been 8> highlv altered that then oiigmil 
structure is almost wholh obstured The commonest proee'<t. that has 
modified the tuffaceous rotks is a thorougli silicihcatiou whn.h changes 
the formerly non retistant tuff to an indurated e\ceedingh resistant 
rock Silicified tuffs of this character underlie the most prtnounted 
topfgraphii. features of the island In the San Tuan district it «aa 
lifted that the> formed both TorrtiiUa and Heleelial peaks the two most 
] rominent features m the topography of the whole district The litter 
peak rises abruptly from a nllmg surface of about 500-SOO Icct in alti 
tude te the height of 1800 feet 

It would be impractical te describe mdi^iduallv the numerous tuffa 
ceous formations of the district. They occur in N. W.-S. E. belts and are 
especially well developed in the southwest portion of the district. In 
this region they form practically all tlie country rock, with the e.'iception 
of the tuffaceons shales and igneous intrusives. An excellent develop- 
ment of tuffs can he seen along the entire streteh of road from Barran- 
quitas to Earros. In the vicinity of Comerio they are also well developed. 
The Muda tuffs represent the most extensive series found in the north- 
eastern portion of the district. These also strike N". W.-S. Y.. and tlieir 
aggregate thickness is probably several thousand feet. They are well 
exposed in the bed of the Guaynabo River, and also nlong the Guayuiilio- 
Muda-.\guas Bucnas trail. 



The distinctly older appearance of the older sei' 
tilted position, leads one to infer that an erosion 
tude separated it from the overlying coastal pla: 



ies, as well as its highly 
nterval of some magni- 
^[oreover, the evi- 



dence of extraordinary igneous activity throughout the deposition of the 
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older series and its complete absence in all the subsequent formations 
indicate either an extended time interval or a rather sudden change in 
physical cojiditions. It was tlie consideration of these points that led 
the first observers to regard the older series as probably Paleozoic in age. 
This idea, however, was soon abandoned; for, as above noted, Cleve, in 
1868, suggested that the formations of the older series much resembled 
the Cretaceous of the neighboring islands. Hil! later confirmed this view 
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by the discovery of the Cretaceous fossil Eudistes in a grayisli limestone 
bed that strikes from Cabo Rojo eastward to about 15 kilometers north 
of Ponce on the Adjuntas road. 

The formations of tlie older series of the San Juan district are, with 
the exception of certain foraminifera, almost universally unfossiliferous. 
The few other forms that have been found come without exception from 
the southern side of the island. In the upper part of the series, in the 
San Juan district, the beds of foraminiferal shales and limestones which 
have been mentioned serve to throw some light on the age of the series. 
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On the aewimpanymg chart (Fig. 13) the four most important of these 
formations have been indicated numerically : 

1. Unibon shale, at juncture of the Morovis trail and Fnilion liivcr. 
Strike, X. W.-S. E. Dip, 30' N. E. 

2. Shale fragments in sandstone at K -S', Comorio road. Striku, N. 
f>5° E. Dip, 42° S. E. 

3. Corozal limestone brecda. Strike, N, W.-S. E. })i|>, l,>-90° K. 
E. (?). 

4-.. Muda limestone. Strike, N. W.-S. E. Dip, 30° S. W. 

The Unibon shales show typical chalk foraminifera (ll])per (Jrcta- 
ceons). Since only sections of the forms are obtainable, it was often im- 
possible definitely to determine the species. Through the assistance of 
Dr. R. M. Bagg, of Appleton, Wisconsin, the writer was able to reco.gnize 
a snffieient number to leave little doubt as to the age of the formation. 
Tiie following forms were identified : 

Globigerina cretacea, d'Orbignj^ (PI. Ill, 1). 

Globigerina buUoides, d'Orbigny.' 

Truncatulina Idbatula. Walker and Jacob' (PI. Ill, 2). 

Nodosaria communis, d'Orbigny" (PL IIT, 4). 

Nodosaria farcimen, Soldani.' 

Textularia sp. 

While none of these forms is a conclusive index of the chalk iiori/on, 
yet considering their abundance and general aspect, tliey could liar(^ly 
he regarded older than Upper Cretaceous. 

A foraminiferal fauna very similar to this was found in the shale at 
KS. Its forms arc even more like those characteristic of the English 
chalks. This fauna comprises : 

Globigerina crelacea 
Globigerina iulloides 
Orbuiina nniversa 
Truncatulina lobatula 
Textularia globulosa (PI. Ill, 3) 
and a few Eotaline forms. 

The foraminifera of the two limestone beds are essentially the same. 
They are characterised by numerous Miliolidse, as well as Tiotaline and 
Te.xtularia-l)kp forms. In these limestones were found : 

•ReT»rt of Chatteiiflei- Bxpeflltton. IX. [j. -'>!m, I'l. I.NXXIT. lln-c. 

•Op. clt. p. 503, PI. I,XXIX, 1-7. 

■■Op. clt.. p. 6(10. PIB. XCII. 10; XCIIl, 1. *. .'. 

« Op. cit.. p. 504. PI. t.XII. !)-20. 

1 Op. cl(.. p. 4fl8, PI. LXir, 17-18. 
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MUialina, seminulum, Linne (PI. Ill, 5a, 60, 66). 

Nqnionina sp. 
PulvinuUna sp. 
Textularia sp. 
Truncatulina lohatula (?). 

Though few apecies could be definitely determined, owinft to tlie altered 
condition of the limestones, yet the general appearance of the material 
under the microBcope was that of a typical Miliolina limestone, whieli 
suggests lower Tertiary age. These limestones, however, lie unconform- 
ably below the Arecibo formation, which is not later than OHgocene. 
From these species one may be forced to conclude that the upper part of 
the older series of the San Juan district is of Eocene age. 

The lower members of the older series are wholly unfoasiliferous. It 
is the writer's opinion, however, that the older series as expressed in this 
district is entirely post-Jurassic and probably post-Comanchic in age. 



The material composing the limestones, shales, and conglomerates, as 
well as the tuffs and ashes of the older series, is in great part derived 
from volcanic sources or through volcanic agencies. 

The discordance in strike of some of the limestone beds, especially 
those near Aguas Buenas, indicates the presence of an unconformity in 
the older series, the limestones being older than the rest of the series. 
The conglomerate belt that extends across part of the district may also 
be taken as an indication of another break in the series. 

The low content of inert refractory material in the rocke of the older 
series gives rise to an impervious soil that clings tenaciously to excep- 
tionally steep grades. ^Ii^ 

Many of the formations show the eftects of subsequent alteration. The 
tuffs are especially liable to the attack of modifying processes which have 
resulted in many eases in their being altered to extremely indurated and 
resistant rocks. 

The formations of the older series are everywhere associated with igne- 
ous activity, expressed either as intrusions or by the invasion of liquid 
magma forming fragmental rocks with crystalline matrices. 

The age of the older series is regarded as Cretaceous in its greater part. 
The uppermost portion is doubtless Eocene, and it is probable that the 
lower part is Comanchic in age. 
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tNat it is i]sually impossible to deteniiiiie the underlyinfj structure. Tlie 
iljkes vary in size from narrow stringers and apophyses from neighbor- 
ing intmsivea to massive structures many feet in width. The dike rocks 
are usually of felsitie texture. Xo relation between the coarseness of 
texture and the size of the dike could be discovered. Tlie smallest dikes 
sometimes showed microgranitoid or even granitoid texture. Tlie texture 
seemed rather to depend upon the conditions of intrusion than upon the 
sine of the intnisives. 

Sl-OCKS -VND BOSSKS 

Iht nniorit\ ot the intruBive masses of the district should he classi- 
fiid as stocks and bosses the t«rm stock including all small batholithie 
mtmsions and hous being restricted to those stocks roughly circular in 
^rround plan It is often difficult to make this distinction unless the 
Iwundaiies of the intrusive are accurately known. The stocks of the 
San Tuan district are as a rule small. In the bed of the Bayamon Itiver 
I )>erfei.tlj formed stock not measuring over 20 feet in diameter was 
timnd On the other hand, sonthwest of Morovis a large intrusive of 
^T-anite covers an aiea of several square miles, and in other portions of 
the island intru'ineh 10—12 miles in diameter have been found, Jiarge 
iiitrusi\ei, however are rare in the San Juan district. Only two, cover- 
ing an area of over a square mile, were located. The majority were, less 
than 1011-200 vards m diameter Fragmental inclusions are character- 
istic of all the stocks of the district. In the larger ones these inchisiou-; 
iiia\ be ot laige dimen'iions In tlie granite southwest of Morovis inclu- 
sions of the adjacent tuffs meaiuring many feet in diameter were found. 
It fiequently happens that the invading magma incorporates quantities 
of tuffateous mateiial Suth a rock, after consolidation, will so resemhle 
a massive tuff that it will often be confused with one. Several speci- 
mens collected from supposedly massive tuffs proved after microscopic 
(\amuiation to have a crystalline structure. The variation from the 
massive ervstalline to the tuffaceous phase of an intrusive may be so 
^radual that no line of demarcation can be made, or so sudden that it 
ap|)ears a"! if the boundary of the intrusive has been itassed and that the 
hiffareous phase of the intrusive is a separate formation of massive tuff. 

Textubk 

Rocks of felsitie texture |iroved the most abundant in the district. 
■Vhnost all of these showed porplijritic habit, often not discernible in the 
li'tnd specimen but evident from microscopic examination. An evidence 
"i' the almost universal tendency toward the porphyritic texture in the 
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equivalent. The widespread occurrence of andesitic types is noticeable in 
the fragmental material constituting the ashes and tuff as well as in the 
igneous rocks in situ. Many of the tuffs are wliolly made up of andesitic 
material. However, when one is afforded the opportunity of examining 
a variety of material, such as is to be seen in the boulder beds of any of 
the streams that drain a large area of the older series, one soon realizes 
that considerable variety in composition is represented. In examining 
petrographically the material brought from the district, the writer found 
almost every variety of the igneous rocks from acid to medium composi- 
tion. Basic rocks, however, were uncommon; basalts and olivine basalts 
being rare, and typical gabbros or more basic rocks almost unknown. 

As almost every square foot of the older series is intruded or modified 
by igneous rocks, it would obviously be impossible to attempt to describe 
each individual intrusive or to locate them geographically. Accordingly, 
they have been grouped on a basis of composition, and the more important 
members of each group will be briefly discussed. The gradations from 
one group into the next usually proceeds so uniformly and gradually that 
the introduction of several intermediate groups is unnecessary, A com- 
prehensive classification of the igneous rocks of the district should include 
all of the following varietios: 

Vitrophyrs Trachytes 

Rhyolitea Syenites 

Granites I,atites or Trachy-andcsites 

Quartz latites and Rhyo-andesites Monzonites 

Quartz monzonites Andeeites 

Granodiorites Diorites 

Da cites Basalts 

Quartz dioriios Olivine basalts 



These rocks are of rare occurrence in the San Juan district. On tlie 
trail between Aguas Buenas and Cidra, about a mile north of Gidra, 
there is a prominent outcrop of a rock which proved on microscopic ex- 
amination to be a vesicular vitrophyr. Phenocrysts have for the most part 
been altered or completely weathered out, and the cavities since filled with 
epidote, chlorite, and quartz. The glassy groundmass is still fairly fresh, 
liut there seems to be some indications of incipient devitrification. The 
fi'ck shows a slightly fragmental structure and occasionally the outlines 
ol' former large crystals are to be seen, but these are believed to have been 
iiiolusions rather than original constituents of the rock (Fig. 16), 
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;ire often classed as such. They differ only slightly from the soda-gvaii- 
ites already described, yet they serve to express a somewhat more alkaline 
step in the continuous series of iutergrading varieties that is characteristic 

f the ignetua rocks of the district. A small intrusive of this variety was 
lound m the bed at the Eayamoji Eiver in barrio Sonadora. It is a 
massive griiiitoid rock of bluish color, made up of quartz plagioelase, 

rthoclase and hornblende. The rock has subsequently been somewhat 

enritizel ani cirboiiatcd. 



The gran onlio rites are granitoid rocks of nearly the same composition 
as the quartz monzonites. They contain less potash felds]iar than the 
latter and more of the lime-soda varieties, tliat is, they are intermediate 
in composition between the quartz monzonites and quartz diorites. Simth- 
wcst of Naranjito, in barrio Cedro Abajo, a fairly large intrusive of tliis 
i^mpositioii was encountered. From n casual examination it would he 
classed as a granite, but under the microscope it is seen to consist chiefly 
of quartz and plagioelase (oligoclase) with subordinate orthoelase and 
liomblende and scattered crystals of magnetite, titanite, and apatite. 
This intrusive shows striking mineralization, which apparently took place 
in two stages; first, the introduction of additional magnetite, then sul- 
jihide solutions entered and deposited pyrite around the magnetite grains. 



Those rocks of andesitic composition wliich contain appreciable amounts 
of quartz are here grouped as daeites or quartz andesites. This variety 
is rare and only one typical example was found among the rocks studied, 
wliich occurred on the military road near La Muda. It is a porphyritic 
ilacite, consisting essentially of phenocrysts of plagioelase (oligoelase), 
liiotite, and quartz. All the constituents have been somewhat altered, 
especially the biotite, which has been replaced by chlorite, carl>onates, and 
bleached mica. The intrusion has taken place through a series of coarse 
tnifs, and some of this material has been incorporated into the intrusive 
itself, giving it a fragmental structure. 

(jtiAiiTK nnmrTKs 

The quartz dioritcs are more abundant than their felsitic equivalents, 
tiie daeites. Two miles southwest of Morovis an intrusion of this variety 
•"■curs in the large intrusion of sod a -granite already described. .Another 
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wiiich indicate that only the acidic varieties are present. Hence the rock 
should correctly be classed as a basic andeaite. 

OLIVINE BASALTS 

Only one olivine liasalt was found in the material collected for micro- 
Kcopic study. This was an intrusive body about two miles south of Coro- 
zal. It is of porpliyritic texture, consisting of phenocrysts of olivine, 
iijid, to much less extent, plagioclase, in a groundmass composed chiefly 
of plagioclase and magnetite. The olivine was largely altered to serpen- 
tijie and chlorite. The feldspars have likewise been so ehloritined that 
their exact composition was indeterminable (Fig. 35). 

Xo rocks of gabbroic or more basic composition were found in the dis- 
trict. 

Xo tlelinite conclusions can yet be drawn a.s to tlie exact range in 
composition of the igneous rocks of tbe district or tlieir relative abun- 
dance, for by no means all of the igneous bodies have yet been located. 
In the present survey all of the larger instrusives were located, and many 
of tlie smaller ones, where well exposed in stream beds and along the 
cari-eferas. There remains undiscovered a large number of minor igneinis 
tiia-sses either covered by the residual soil or located between the traverses 
tJiat «-ere made. Sufficient material has been collected and studied, Ikiw- 
evcr, to give an accurate idea of the general range in composition and 
form of the igneous bodies. In the preceding pages minor differences 
and variations in composition have been unduly emphasized in order to 
give a correct idea of the relative range in composition, and the con- 
tinuous gradation that exists between the more acid and basic varieti&f. 
Tlie usage of many of the varietal terms that have been introduced hero 
would be inadvisable for ordinary field work and general description. 

The petrographic study of the igneous rocks of the San Juan district 
can be summarized as follows : 

(1) The structural forms assumed by the igneous rocks of the district 
are of various sizes and shapes. The sills and stocks occur most com- 
Tiioidy, while lava flows are rare. 

(2) The igneous rocks are predominantly felsitic in texture. No 
relation of texture to size of the intrusive could be observed. 

(3) The rocks of felsitic texture are almost invariably porphyritic. 
The porphyritic habit is sometimes poorly developed, but in some cases 
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tilt; temleiicj towards (k'velojmieiit is so strong tlml tlirpe iliwtinct ^^ciu'rii- 
tioiis of crystals have been formed- 

(4) Fragmeutfll iiidusioiis ate the rule ratlier tliaii the exception in 
all the varieties of the igneous rocks. The ftagnieiits vary in size from 
large masses of the eountry rock to tine, tnffaceoiis ami ashy material. 
TiiffaceonK inclusions are often po ahtiiKlant that the igneous rock assumes 
t.lie appearance of a massive ttiff. 

(5) Tlie large majority of tlie igneous rocks of the district are of an<]e- 
sitic composition, a fact which would seem to indicate that the source of 
tlie material was from a magma of approximately andesitic coinpositiou. 
jrost of the fragmentary material composing the tuffs is also of ande- 
sitic composition. Acidic and basic variations of the predominant ande- 
site or diorite are wideapreail. The acidic variations represente<l hy the 
■n-anitc. i-iiyolito, !Iik1 reiate.) vwV^ are iiioiv uhiiiidi)i)t tluui the liasaltir 
varietie.'J. 

(C) After |ilotting the distribution of the iiitr\isivcs, it Wiis iioti,-(-d 
tliat tlie rocks of related TOmposition tended to group themselves in 
separate provinces. In the valley of the Bayamon Hiver, southeast of 
ITelechal Teak, there is a large group of acidic intrusives, A numher of 
•granitic iiitrnsives are located in an east-west belt roughly followiitg the 
inner lowland soutli of the towns of Morovis, Oorozal. and Xaranjito. 
Ill the southwestern portion of the district the igneous bodies were gen- 
ovaily of andesitic composition. 

( \ ) The igneous rocks showed extensive secondary alteration. Almost 
mine was |;>erfectly fresh. In some the alteration products constituted 
the bulk of the rock. Products of deep-seated as well as surface altera- 
tion were represented. The former ineluded epidote, actinolite, tremo- 
lite, (piartz, aii<l some calcite. The latter type was i-epresented by chlorite, 
sericitc, kaolin, quartz, ealcite, iron, oxide, and leucoxeue. 

(8) pjvidence of regional nietamor|)hism is wanting. Moreover, tlicic 
is surprisingly little evidence of contact nietamorphism. One rock con- 
sisting almost entirely of actinolite was found, which suggested contact 
effects. The abundance of epidote and diopside is suggestive, but the 
diopside is usually primary and the epidote products of ordinary altera- 
tion. N"o typical contact zones were found. 

(9) Many of the intmsives showed more or less miiieraliiiation. I'yrite 
and magnetite were the usual productK. Two intnisives were located 
which showed cupriferous mineralisation. 
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STEITCTfKAL FEATURES 

JVIanv of the larger structural features have been iiieiitioiietl in foii- 
iiectioii with the formations iuvolveci. The most striking structural 
features are related to the igneous and fraginental rocl^*. The great 
series of inteitedded tuffs and ashes, with occasional lava sheets and 
sills, which occupies most of the southwestern portion of the district, 
may be classified as a structural unit, forming the fundamental basal 
structure of the whole island. In this great volcanic series the minor 
igneous structures are numerous and complex. The interbedded sills, the 
flows, the dikes, the intrusives, all serve to increase the complexity of 
the series aa a whole and incidentally cause a variety of minor structures. 

The most striliing unconformity in the district is that bctiveen the 
older and younger series. The almost horizontal limestones of the coastal 
plain resting upon the upturned beds and intrusives of the older series 
form a structural feature that will be noted by even the most casual 
observer. This unconformity represents the eroaional interval in which 
the formations of the older series were uplifted, tilted, and finally reduced 
to low relief. It also marks the close of all volcanic and igneous activity. 
This erosional interval seems to have occurred either during late Eocene 
or early Oligocene time, an interval comprised between the Eocene beds 
of the older series and the overlying limestones of upper Oligocene age. 

Above the unconformity there is another erosional interval represented. 
Though this interval is shown by no structural break, yet it represents 
a much greater period of time than that which transpired between the 
deposition of the older and younger series. This disconfonnity occurs 
lietween the Arecibo and the San Juan formations and represents an 
interval from upper Oligocene to Pleistocene time, during which the 
island was above water. During this time much of the erosion that hns 
partially destroyed the Arecibo formation doubtless took place. 

No direct evidence of an unconformity was found in the older series, 
Imt indirectly at least one important break was indicated. The discord- 
ance in strike of tlie limestone beds south of Aguas Buenas suggests 
either an unconformable or faulted relationship with the other forma- 
tions of the series. The writer believes that these limestone beds lie 
uti conformably below the other formations and have been exposed in this 
neinity by more advanced erosion. The prominent conglomerate forma- 
ti<i]i that strikes N". AV.-S. E., crossing the Comerio road at K 12, indi- 
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tatea another brmk in the okler series. To tlie southwest of this t-nii- 
j;lomerat<! the formations strike N. A\',-S. E. with har(]!y an ex"C(.'|)tion. 
Xdrtheast of it outcrops are rarer. The shale iieds for the most part 
appear to strike N, W.-S. E., but the sandstone at K 8 gives an excep- 
tional strike of N. *i.')° E. Northeast of tlie conglomeratic Muda tuffs im 
strikes were ohta.inable from ttie few seattered outcrops. Berkey, how- 
e^'er, noted that the sliales on the Military road soath of Rio Piedras 
strike E.-\V,, and the tuffs farther south strike N'. 20° E. 

The variations in strike over the northeastern portion of the district 
are at first very confusing, but when one considers that the material 
forming the sediments is of volcanic origin and was not derived from a 
single source, hut prohahly from many vents, it seems surprising that 
any uniformity in strike wouid exist over an extended area. The vol- 
canic material ejected from a number of vents would he concentrically 
deposited around each, forming a succession of local formations inter- 
fingering with tlie deposits from neighboring vents. Intense igneoiis 
activity has acconif)anied the deposition of all this tuffaceous materia?, 
and finally the whoU' complex thus formed was uplifted and folded by 
sid)sequeiit dynamic movements. The end-product of such a series of 
events would be a volcanic asli heap of great complexity, in which ex- 
tended series of conformable beds would he the exception rather than the 
i-ule. Considering Porto Hico as a |iortion of such a mass, one can bcttev 
interpret the many complex and erratic structures that are to be found 
as wdl as the local character of many of the formaticms wUirh arc *i' 
confusing to one who attempts a solution of the areitl geology of a jior- 
tion of the islaJid. 

FUT.TIN-C 

Indirect evidences of faiiltnig are ahinidant, but in no case wa'- the 
displacement itself visible nor the amount of movement detenu in able. 
Abrupt changes along the strike of certain formations indicate faulting 
on a large scale, but outcrops were too scattered to determine positiveh 
their presence. Evidence of faulting on a small scale is much more 
abundant, Ahing the Comerio road occasional shear and crush zones are 
visible, which apparently involve faults of some magnitude. The best 
examples occur at K 17 and K 81.5. In hoth cases, however, the com- 
plcxitv of the structure involved was so great that no accurate estiniiitc 
of the ainoiiiit of movement conbl be made. 
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Folding 

All of the sedimentary formations of the district show some foldiiij,- 
or tilting. The limestones of the coastal plain have been only slightlv 
tilted. Their maximum inclination is not over 10°, and no indications 
of folding or warping within the formations themselves could be dis- 
covered. The beds of the older series are characteristically higlily tilted, 
and in many places well-developed folds are to be seen. The folding is 
on a small scale and is confined to certain less competent shales and 
ash beds. The fact that the sediments generally dip towards the sea on 
both sides of the island would suggest the possibility of a large anticline 
with the axis along the crest of the island. Minor folds are not uncom- 
mon in the shale series that forms the divide in the southern part of the 
district. Moreover, this shale series is anticlinal in its larger structure, 
with its crest just north of Barranquitas — a fact which gives additional 
weight to the theory of anticlinal structure for the older series as a whole. 

Metaiiorphism 

No evidence of regional metamorphism was found in the rocks of tiie 
older series. Evidence of contact metamorphism is also surprisingly 
scarce. The amphiholite already described is the only rock found that 
might safely he regariled a.« due to contact effects. 

Mi NOR Strtjctufer 



The San Juan sandstone shows well-developed cross-bedding oi' tlm 
eolian type, Berkey (1915, p. 43) has described with some detail the 
doublecharaeter of the cross-bedding where it is best exposed near ArcciJio 
(Fig. 2<;). 

SOTJVI.VCl'JON 

The crumpling, due to the slumping of certain formations, either from 
external pressure or from the force of its own gravity, gives rise to what 
has been termed solifiuetion. This type of structure was noted in sev- 
eral of the thinly bedded ash formations, but it was best developed in the 
Juan Aseeneio chert bed, which has been previously described (Fig. li)- 
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STEATIGKAPHICAL SUMMARY 

Tlie geological history of tlie island of Porto Rico lias already been 
comprehensively summarized by Berkey (11115, p. 58). Little can be 
added to this from the data collected by the ^vriter except certain eliangea 
in the age relations of the formations The geolojjital hibtori of the '^an 
Juan district or that of the whole islantl tor the tormer involves, practi- 
cally every step of the latter still remains in gieat part nncertaiii An 
accurate and detailed statement ot it can only be hoped for as an end- 
jiroduet of the series of investigations that are now in proKres's Etch 
investigator, however, can contribute his share towird the final result 
Tlie writer, therefore, re summarizes the historical <!tatement of Berkev, 
making those modifications uhuh hi thinks are lustifled bv ftub&equent 
investigation. 

As stated above, the formations that compose the so i ailed "older series 
wure early recognized to be geologically >oung A\hile some of the shales 
and limestones haie the appearance of bemg older than tht> really are 
yet none of them is at all similar to the so called "ancient rocks' oi other 
regions. The age of the lowermost member of the older series is still 
imdetermined except m the most general sort of waj The discos erj of a 
Comanchic coral b\ Mr Hodge m the shales south of Cidra indicates that 
tliese shales, which apparently form the base of the older series, are no 
older than the Comanchic age. Flanking these shales both to the north 
and south are the succeeding members of the older series, which are, as a 
whole, younger. Such a succession of the members of the older series 
would suggest a large anticline extending across the island along the belt 
surveyed by the writer and Mr, Hodge. Other portions of the island, 
however, do not support this theory, for a section from Areeibo to Ponce 
shows no indication of the anticline. The writer merely suggests it for 
the San Juan district and the district to the south, because the shales 
which form the crest of the island at Earranquitas are anticlinal in struc- 
ture and are flanked on either side by younger formations. Whether the 
Biirranquitas shales are regarded as the oldest formation of the older 
series or not, there still remains little reason for supposing that the base 
ff the older series is older than Comanchic. Indeed, the whole of the 
"Mer series might well have accumulated in a single geologic age. for all 
of its members give indications that their accumulation was, for the most 
I'ii't, a rapid process. 

The deposition of the various members of the older series was accom- 
|"i'iied by igneous activity on a very large scale. Ureat masses of volcanic 
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ejectments were thrown forth to accumulate m fan like ileposits liotli 
above and below sea level. This was accompanieil by perioiis of submer- 
gence during which the 9hal\ ami cakareous beds were deposited, and 
periods of emergence in which the recentlv formed sediments were up- 
lifted and sometimes sliattered bv later \(lcanic outbursts During the 
accumulation of the older seneb there seems to ha\e been no great change 
in the nature of processes tliat took place "\ > change of suificient magni- 
tude occurred bv which the seric'i might be readily subdmded. It is true 
that changes in physical condition, such as would cau«e a shale or ash to 
accumulate instead of a tuif frequently occurred — so frequently that 
tliese minor changes cannot be used as a basis for consistent subdivision. 
With the exception of the large conglomerate that erosse« the greater part 
of the district from southeast to ntrthwest, there is no formation which 
can be used om a definite division line Other divisions are not even con- 
tinuous across the San Juan district and might never be recognized in 
the adjoining districts. 

In early Eocene time this period it volcanic activity finally came to an 
end. Naturally, from the time of the first volcanic outbursts portions of 
the island liad been dry land Toward the end of the period of volcanic 
activity the lower portion of the older series muht have been above sea 
level. This land-mass afforded the material for the late Cretaceous and 
early Eocene foraminiferal shales and limestones It is probable, there- 
fore, that much of the island had been reduced to a submature or mature 
stage of topographic development before the final cessation of volcanic 
activity. As such activity completely leased erosion continued and the 
entire island was re Inced to a peneplane or to an old stage of topographic 
de*elopment The development and exttiit of this peneplane have alreaily 
been discussed Until the whole island i-, examined with this point in 
mind it will be impoesiHe to sav ti what extent it was developed. Tlic 
period 111 which it culminated howe\er was ge">logirallv short. Eocene 
formations are frund beveled bv the pentplano and Oligotene strata he 
above it 

\s the er sioii of tht olJer serie« prcM.ee lei sediments Here deposited 
unconformably around the margins of the island as it existed then. lu 
shallow water ami doubtless in the estuaries and bavs of the coast of 
that time were first deposited a series of shales This pliase of deposit 
was not well expressed in the San Juan district but to the west it is re]'- 
resented by the San Sebastian and Lares shales This eailier stage in tlii^ 
deposition of the younger series probabh occurred before the interior had 
been reduced to an old stage of development. As erosion eontinudK 
clearer water conditions prevailed and the lower sbaly beds of the Areeili'i 
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liiiitistoue were deposited. Later, after clear water ooiiditioiis had become 
stable, the upper pure limestone and reef limestones were finally de- 
posited. 

At the beginning of Miocene time there was a marked emergence, and 
the early Tertiary limestones and shales were elevated to essentially their 
liresent position. This emergence was accompanied by warping, so that 
now these strata are inclined at an angle of about 6°. From that time 
until the present, these formations have been subjected to erosion, and in 
consequence the comparatively easily destroyed limestones and shales have 
been maturely dissected or almost completely removed. 

Since this emergence there have been frequent minor movements, ex- 
tending down to recent time — movements that have been rcorded in the 
marginal terraces by the occurrence of marine shells at considerable dis- 
tances up the larger river valleys, and by the partial submergence and 
induration of the San .luan dune sand. The latest movement has appar- 
ently been one of slight emergence. 

Berkey (1915, p. 60) summarizes the more importjuit steps in the geo- 
logic history as follows : 

1) A long geolc^Ic period of volcanic activity, accompanied by mui^iiml 
attempts at assoi'tiiig of fi-agmental and detrital material and organic accumu- 
lation dlstmbed from time to time by i-enewed or extended igneous activity. 

2) A dying out of volcanic energy, greater stability of the mass with respect 
to elevation and Kul>sidence, and erosional attack continued long enough tu 
result lu extended planation and partial base-leveling wltb final extensive sub- 
mergence. 

3) The develupmeut of an uacunfurmaljie overlying series of Khates, reef 
liiuestoues and related deposits chiefly of organic origin, brought to un end liy 
Dual re-emergeuce. 

A) Tile development of present surface features under stream erosion and 
laarliie mai'ginal attack, with modifications arising from oscillation of level. 

Tlie geologic column of the formations of the San Juan district is the 
Slime as that formulated by Berkey (li)15, p. (il) for the entire island, 
with certain minor modifications : 

]{ecent alluvial deposits 

Submergence with marginal (playa) deposits 
Younger series 

San Juan dune sand (Pleistocene?) 
Submergence with terrace cutting 
Post Arecibo emergence and erosion (Miocene) 
.Vrecib(» formation (upper Oligocene) 
Lares shales, etx", (Lower Oligocene or upper Eocene) not expressed 

in Ran Juan district 
.Markcil uiK'niiformity 
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Older serii'p 

Corozal and Muda limestones (Eocene) 

Foraminiferal shales and limestones (Uniboii shale, shale at K 8, 

Comerio road) (Upper Cretaceous) 
Barranquitas shales and shaly limestones. Probably the base of older 

series (Comanehic ?) 

JIINERAL OCCrBRENTES 

Throughout Porto Rico there is evidence of widespread l)ut apparently 
feel>le mineralization, which has given rise to a variety of mineral de- 
posits of small extent and uncertain importance. Mineralization in the 
San Juan district has produced even less results than in other portions 
of the island. Prospects occur in considerable variety, but no extensive 
deposit was found in this district. Up to the present time none of the 
mining ventures that have been promoted in the district has proved a 
success. This, however, has not been due wholly to the low (juiht> and 
limited quantity of the ores encountered but 11 due parth to the difRcul 
ties in transportation and the mining methods employed ^ithtut the 
exercise of caution and economy in the de\elopment of small ore bodies 
such as are found in the district, success cannot be exptcted Much 
money has already been wasted by attempting more elab irate methods 
than are warranted by the extent and quality of the ore occurrence* 

The prospector is soon impressed b> the txttnt of the mineral izati >n 
in the igneous rocks of the older series Numerous examples of miner 
alized igneous rocks have already been cited \n abundance of magnetite 
and pyrite are to be found in almost all the igneous rocks tt the district 
yet the resultant ore deposits are surpri'^mgh imall an 1 unimportant 
Xative gold from quartzose zones and placers is the only metal that thu 
far has been produced in paying quantities Indications of lopper are 
abundant, but in only one locality does it occur in sufhcient quantities to 
attract development. Non-metallic deposits of value are entirely want- 
ing, except, perhaps, limestones for road metal or similar uses. 

Gold 

PLACERS 

The principal gold placers of the island are located in the vicinity of 
Corozal. From the streams in this vicinity gold has been washed by the 
natives since the days of early Spanish occupancy. Tales of the great 
abundance of gold and the size of the nuggets found during those early 
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(lays are widespread and form a favorable subject of conversation among 
the older native pannera. No statistics are available, however, either to 
disprove or verify these statements. It cannot be denied that a large 
amount of gold has been panned out of the streams of this vicinity in 
past time. At present the worlt is slow and tedious and pays poorly even 
in the most favorable localities. The native panner stands up to his neck 
in a pool, which he has dug in the stream bed, and assiduously scrapes up 
the fine sanc[ in a coeoanut shell, separating the larger pebbles by hand. 
If the pool is deep he dives to the bottom for the sand. If ten hours of 
this worli nets him eighty cents he is fortunate, for the average daily 
washings do not exceed fifty cents. Indeed, the peon prefers steady farm 
labor at forty to fifty cents per day to the precarious living he can derive 
from the stream beds. During recent years about 100 ounces of gold are 
annually washed from the streams of the island, the larger part coming 
from the Coroaa! district. 

Several years ago an unsuccessful attempt was made at hydraulic min- 
ing. A large dam was erected in the headwaters of the Corozal River and 
the water was conducted down by a 10-inch conduit to a point where the 
gravels were especially abundant in the same stream just above the town. 
Due to the difficulties in transportation, the cost of construction of the 
dam and conduit was very great, the material being brought some 30 
miles from Saii .Tnan to Corozal by ox-cart and thence into the hills by 
pack. Unfortunately, the conduit proved inadequate to withstand the 
pressure of so large a head of water and soon went to pieces. The project 
was then abandoned for lack of funds and has never been reattempted. 

Gold occurs not only in the Corozal and Negros Rivers, but is to be 
found in minute quantities in almost every stream of the district. It has 
lieen washed in paying quantities from the Plata, Mavilla, Naranjito, 
T'nibon, and Orocovis Rivers, but its presence in these streams is so rare 
tluit no regular panning is practised. 

AURTKEROOS QUARTZ MINES 

South of Corozal, in the barrios Negros and Palos Blancos, some ex- 
|)loratory work has been done in an attempt to discover the lode or veins 
which might have been the source of the piacer gold (see topographic 
map). 

In the barrio Negros sonic of the old Spanish workings have been 
reopened in recent yeai's, and two new shafts of shallow depth have been 
''unk in an attempt to discover a large vein, A so-called vein about 
lliree feet wide has been exposed. The country rock is highly weathered. 
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Imt appears to Ije an andesitic tutl'. On ulose exaiiii nation tlie vein proven 
to be a siliL-ified Kone eomposed of many quarts veinlets and stringers, 
none of which is over a few inches in width. These veinlets carry the 
gold, and when bunched in large numbers ai'e workable. Xeitlier the 
quantity nor quality of the ore can he depeudeil upon, for it is no longer 
workable when tlie quartz veinlets become scattered, 

In the Palos BlaneoB mine the conditions are much the same, thougli 
tliis prospect lias been more fully explored. The country rock is an 
andesitic tnff with associated intrusives. The silieiiied zone, or vein, is 
somewhat larger than in the other case, aiid has 'been followed by one 
tunnel some 18(1 feet. A fair grade ore could be concentrated, and one 
shipment was made to the States. Neitlier of the two pros|iects is now 
worked. Tlie Palos Blaneos mine miffht jiro\e a snci'i'.ss if jn'optTly devel- 
oped and capifalJKed. 

Platinum 

Ocrcasional particles of platinum are panned out with the gold from the 
placers near Corozal. The metal is c^lle<l plala by tlie natives, who think 
it is silver. Although it sometimes occurs in quite appreciable quantities, 
the natives get nothing for it from the local buyers. The writer in pur- 
chasing the results of a day's labor from one of the native panners found 
that it contained, roughly, 20 per cent platinum: so in this particular 
rase the platinum content, discarded by the native as valueless, was a}>- 
proximately as valuable as the gold, which locally brinjiP only ^13.00 an 
ounce. Such high percentages of platinum, however, are rare. 

COPPKK 

In the barrio Pasto, on the west central margin of the Ban Juan dis- 
trict, several copper prospects were visited and esamined. TJicse are the 
easternmost of a group of similar prospects that occur south of Oiales. 
The others, extending beyond the boundaries of the district, were not 
visited by tlie wiiter. The country rock is an andesitic porphyry, which 
has been described an<l figured on Fig. 22. This porphyry occurs as a 
large instrusive extending out of the district on the west. In this intru- 
sive the ore occurs as impregnations along cracks and fissures. Several 
of the prospects in this vicinity have been partially explored. The prin- 
cipal one was examined by an American mining company and one ship- 
ment of several tons was sent to the States for smelting. In this prospect 
tiie principal vein, or impregnated zone, is about four feet wide. Tliis 
had been followed about :!0 feet into the hill. It is intersected bv several 
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uther similar veins of smaller size. It is evident tluit the ]i(irpliyry lias 
b(!en fractured and subsequently was mineralized. The copjter-beariiig 
waters have followed these fraetures and deposited in them the copper 
minerals, impregnating the neighboring porphyry for distances varying 
from a few inches to several feet. At the juncture of two of these min- 
eralized fracture quite a showing of copper is developed. In the speci- 
mens collected malachite, chrysocoUa, and azurite appeared in the great- 
est abundance. Cuprite and chaicocite are rare at the surface, but may 
prove more abundant in depth. No idea as to the extent and quality of 
these occurrences can be had without further exploration. The ore bodies 
that have been unearthed in the ditches aiid tunnels of former explora- 
toi'y endeavors have been subsequently concealed by infalling detritus 
and dense vegetation, ao not even an approximate estimate could be made 
as to the quantity of ore readily accessible. The inaccessibility of this 
region has discouraged all attempts at the development of these prospects. 
The topography is exceedingly rugged and the distance from all means 
of transportation is considerable. At present the ore must be packed down 
to the valley of the Manati, from whence it can be carted to the main 
road. Tf the transportation facilities are eventually im|iroved. these 
cojtper ])rospects may be successfully worked. 

No occun-ence of lead of economic value was foimd. \ small qnurtz 
. veinlet carrying galena was seen in barrio Jla^ueyes, south of Corozal, 
but no otlier indications of the presence of this mcttil were found in the 
district. 

In the same locality a thin bed of psilonielane was seen. Its e.vteiit 
could not be determined, hut it did not appear to be of enough importance 
fo warrant exploration. 

lioAD Mktai. 

lioad metal is abundant in all parts of the district. The Tertiary lime- 
stone is extensively used as such on all the roads that pass through the 
limestone belt. It is said that the purer beds of the limestone give a 
S«od quality of lime on burnin}^, but the scarcity of fuel makes this iu- 
dnstry impracticable. The tuffaceous sandstone at K 8, Comerio road, 
is quarried and used as road metal for the carretera for some distance. 

In the interior the andesites and massive tuffs are used and, where 
accessible, the interior limesfflne beds are quarried for tliis purpose. 
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Buu.Dixr. Stonk 

Many of the igneous rocks of the district that ivoiil.1 make excellent 
building stones are not, and may never be, quarried, owing to the limited 
demand for sueh materia! and the difficulties of transportation. In San 
Juan, where the iocal demand is greater, the San Juan sandstone is used 
to some extent in the residential section, chiefly in building foundations, 
since it forms a pleasing contrast to the cement. 



Bat guano is found in many of the caves. Large deposits have accumu- 
lated in the caves south of Aguas Bnenas. These are locally used by the 
natives as fertilizer, 

ir.UISTEATIOSS 

Ckoss-skctions 

Soon after the writer began the geologic study of tlie district, it became 
apparent that the structure of the older series was in greater part too 
complex t« l>e shown in even moderate detail on a geologic map of small 
scale. It was decided then to supplement the map by a few more detailed 
cross-sections. Therefore, careful traverses were made across the district 
along definite lines, so that three cross-sections might he constructed 
showing to some degree the complexity of structure encountered (see 
Geologic Cross-sections, Plate IV). The data collected in each case 
have been projected upon a straight line. In this way the windings of 
the road or trail have been eliminated and the normal proportions and 
relative positions of the associated formations more clearly shown. The 
section through Bayamon and Comerio is the most complete and accurate 
because of the better and more continuous exposures. The other two 
sections are based upon occasional exposures and are therefore somewhat 
more generalized. 

Maps 

The difficulty of obtaining a map of sufficient accuracy on which the 
geology might be plotted was soon realized. Available maps, however 
well adapted they might be for other uses, proved to be so unsuited to 
this particular purpose that it became necessary to construct a large scale 
topographic map before beginning the study of the geology of the district. 
The accompanying map is the result. It was constructed by means of 
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tlie plane-table and telescopic alidade, the contours being sketched in 
from aneroid readings. The main roads and streams are shown with 
some degree of accuracy, and a reasonably correct idea ot the character 
of the topography can be had from the contours. 

When one attempts to map an area of 500 square miles of country as 
complex geologically and topographically as Porto Eieo, in a single sum- 
mer, any great degree of accuracy is manifestly impossible. The sub- 
divisions of the older series are necessarily somewhat arbitrary, for the 
members of the series, as a rule, do not maintain sufficient constancy to 
make close subdivision possible. Many of the division boundaries shown 
on tlie map are generalized or are compromises because there is a con- 
tinuous gradation between some of the formations. Even the boundaries 
of the intrusives are obscure in much of the area. Some were located by 
single or widely separated exposures in districts of almost continuous 
soil cover. The dominant rock type is indicated, however, in each ease 
and the approximate distribution and general trend and relative impor- 
tance of the larger formational units are brought out by the different 
color pattern?. 

A(.'KN"0\YLE1XJMENTS 

I am greatly indebted to the professors of the Department of Geology 
at Columbia University for their constant advice and valuable assistance 
in the preparation of this report; especially to Dr. C. P. Berkey for his 
field directions and assistance in making petrographical determinations, 
to Dr. D. W, Johnson for his advice and assistance in preparation of the 
manuscript, and to Dr. A, W. Grabau for his aid in the determination 
of many of the fossils collected. For the identifieation of other species 
I am indebted to Dr. Dall and Dr. Bagg, without whose assistance few 
of the conclusions as to the Telative ages of the formations could have 
been derived. 

I appreciate, moreover, the advice and aid given me by the officials of 
the Government of Porto Eico, and desire to thank especially Judge 
Bonner, the Auditor ; Colonel Shanton, the Chief of the Insular Police, 
and Mr. Bishop, the Assistant Auditor, for advice, assistance and support 
in organizing equipment and getting established in the iield. 

Many others throughout the island, by their courtesy in giving infor- 
mation and their never-failing hospitality, did much to further the com- 
pletion of the work and make my visit to Porto Rico an enjoyable one, 
and. T hope, a serviceable one as well. 



>y Go Ogle 



SCIENTIFIC SURVEY OF PORTO RICO 



BIBLIOGRAPHY 

Based upon the biMiograplij' published by Berkey (1915). Additional 
articles have been added and the bibliography revised to date. 

Alexander, W. A. 

1902. rorto Itico— Its tllmate and resources. Bull. Am. Geog. Soc, 
XXXIV, p. 401. 
Brief niitvs on tile ii;itiiral leKOiirces, Inclmilng mining. 

i'EnKET, OlIARLEB 1'. 

1!H5. (leologlcal recoimolssance of Porto Klcd. .\nn. N. T. Acad. Sci., 
XXVI. pp. 1-70. 

Tlie most modern aod detailed desci-lptloii of the geology and pbysical 
f»«titr«i ot rorto Rico. 
Ci.KVE. r. T. 

1S71. Geoloio' ot the northern West Iiulics. Kongl. Sevensliii Vett-nskaiiK- 
Akad. Haudlingar, IX, No. 12. 
with umps. 
1SS3. Outllue of the geolofi.v of the northeastei-ii West India Islands, 
Ann. N. T. Acad. Sci., II, pp. 185-182. 

Crelaceous nge ot Ihe older series reooeiilzixl. 

Champton, H. E. 

lirta rorto Rico. Am. Mus. Jour., SVI, Jan, 

niNWIDDIE, W. 

1899. Phj'slcal featoi-es of the Island (Pnert<i Hlc-o). Harper's Weekly. 

XLIII, March 11, p. 24S. 
1,899(1. The great eavea of Puerto Rii-o. Harper's Weekly. XLIII, March 
25, p. 293. 

nOMENECH, M. K. 

1899. Mineral resources of Porto Rico. Mines and Minerals, XTX, pp. 
529-532. 

nORSKY, 0. W. 

1902. Soil survey from Arecitn.) to I'nnc:e. Porto Rico. Report of Bureau 
of SotlB, pp. 793-8.S9. 

An Bccucate and comprehensive dpscilptloii of the topography and gen- 
eral eonflBiiratlon of the iKland. 
Falio.ver, J. D. 

1902. Evolution of the Antilles. Scot Geog. Mag., XVIII, pp. 369-376. 
A brief treologlc history of Central America and the West Indlea. 
Gaxxett, Henrt 

1901, Gazetteer of J'oi-to Rico. Bull. U. S. Geol. Survey, No. IR.'!. 

GuPPl-, K. J. L. 

1909. Geological connc<:tions of the (■Mi-il)liean realon. Trail*'. Canadian 
Inst.. Jan.. pp. .IT-l-TOl. 



>y Google 



dEMMES. GEOLOGY OF TEE SAK JUAN DISTRICT joil 

rutimnrs Son. N. Y. 

Social nn<l C(^ono1nk candmonn, 

Hamilton, S. Harbert 

190B. Note on some of the oi-e deposits of I'lU-tu Rico. Eiig. ami Min. 
Jour.. I^XXXVIII, Sept., p. 518. 
Hill. Robert T. 

189S. Cuba nnd I'orto Ric-o, witli the otiiei' Islands of the West Indies. 

An illustrated Ixmk deacrlblng the Islands and their Inhabitants. 
18!l!i. Tlu. vjilue of I'orto Rlco. Forum, XXVII, -Tune, pp. 414-419. 
l>mki. I'orto Kk^o.' Nat'l Oeog. Mas.. X, pp. aS-112. 

An excellent (iBserlptlon of the topoBvaiihj and a Lirief resume oC the 
tn'oloei of the [Bland 

18996. The g<H)lojt,v and pbysloal geograpli.v of Jamalfa. Bull. Mus. Coiup. 

Z.iol.. XXXIV. 

A detailed description of the geology of .Tamalca 
1899c. The forest mndltlons of Porto Rico. Bull. U. S. Dei.t. of Afiric, 

No. '25. 

A discussion of the foiest lonilltions av nell a= thp topngrapliy of Ihe 
island. 
lS90ri. Mineral resourres of I'orto Rlco. Ann. HepL U. S. Geo!. Surv.. XX. 

part VI. 

A i-^sumfi of the minefal resourees and a short description of the most 



■, pp. 2:]-24. 

NiTZE, H. C. B. 

1898. Investigations of some mineral resources of I'orto Kii'o. Ann. Kept. 
V. S. Geol. Surv.. XX, part VI, pp. 779-878. 
Report U. S. Weatheb Bdeeau, 1914. Porto Rico. 

SlEVEBK. W. 

1895. Zuv Kentniss Puerto Rhsis. Mlttliell. Gengr. (ies. Hiimlnirs,'. Heft. 
II, pp. 217-2:t6, pi. 4. 

Spkn-ckr. J. W. 

1904. The Wiiiilwiird IkIhihIm of the West Indies. Trans. Caiiinlinii lust.. 

VII. pp. :J51-3T1. 
1903. Cu the seologlcal I'elatlonship of the volcanoes of the West Indie.s. 
Vietoria Inst. Jour. Trans., XXXV, pp. 189-207, 1 fig. 

General diseossion of the relationship of the West Indies and the Wind 
ward Islands fo the Central and South American continents. 

Vaughas. T. W. 

1902. Karllest Tertiary coral I'eefs in Antilles and United States. (Ab- 
stract.) Science, XV, March 28. 



>y Go Ogle 




jjGooglc 



